THE EMERGENCE OF DELIA RADICUM IN RELATION TO AGRICULTURAL PRACTICE by BRINDLE, GRAHAM
THE EMERGENCE OF DELIA RADICUM IN RELATION TO 
AGRICULTURAL PRACTICE. 
-by -
GRAHAM BRINDLE 
This thesis was subm1tted to the Council for National 
Academic Awards, in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy . 
Plymouth Polytechnic 
(in collaboration with ADAS, Starcross) 
July 1987 
Graham Brindle 
The emergence of cabbage root fly (Delia radicum) in relation to 
agricultural practice 
cabbage root fly passes through three generations a year in 
the south of England. The first generation peaks in late April to 
early May having overwintered in diapause. Recently, populations 
have been discovered in which the emergence of first generation 
flies was protracted, lasting until m1d-July. 
The project aimed to investigate the incidence of late 
emergence in Devon and to examine the ways in which late ernergers 
differed from early ernergers in their progress through diapause. 
A new emergence trap was developed and used in conjunction 
with yellow water traps to monitor the emergence of cabbage root fly 
populations at locations of contrasting agricultural practice. Late 
emergence was widespread in Devon, occurring later (up to 
September), and in a greater proportion of some populations than any 
previously reported. The phenomenon appears to be a response to the 
planting of brassicas in June, as flies emerging at the normal time 
may not be able to locate a host crop. 
Emergence in a substantial proportion of one population was 
delayed for a year. This has not been been previously reported in 
cabbage root fly and represents a 'sit and wait' strategy associated 
with short-lived habitats, occurring in patches often separated by 
considerable distances but which frequently reappear in 
approximately the same location. 
A gas chromatography technique was developed which is 
capable of individually monitoring the respiration rates of large 
numbers of pupae. The results suggested that the temperature optimum 
for diapause development may r1se in late emergers, possibly above 
the threshold for postdiapause development. There was considerable 
1ntrapopulat1on variation in temperature responses. 
OVerall, the results suggest that the level of variation in 
temperature response and emergence times between and within 
populations will require careful local investigation with continuous 
reassessment of selection pressures, for an accurate prediction of 
cabbage root fly emergence. 
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Chapter l 
General introduction 
l.l The fly 
Cabbage root fly (Delia radicum L., Diptera, Anthomyiidae) 
(Pant, 1981) is a pest of brassica crops across Europe and North 
America. The most serious damage in Britain occurs on cauliflower 
and cabbage but broccoli, Brussels sprouts, kale, mustard, radish, 
rape, swede, and turnip are also attacked (Coaker & Finch, 1971). 
The damage is caused by larvae feeding on the cortical tissue of the 
main tap root and lateral roots. When plants are heavily attacked, 
the cortex and phloem may be partly or wholly destroyed. The plants 
then fail to grow normally, show signs of either wilting or stunted 
growth and in the severest attacks may die (Wright, 1953). There are 
however, environmental factors that affect the yield of a crop and 
the moisture content and fertility of the soil appear to be the most 
prominent of these. For example, where the capacity for water uptake 
has been reduced due to a damaged root system, the increase in yield 
due to the use of insecticide has been shown to vary with the amount 
of rainfall occurring during the growing period of the crop (Wright, 
1953) or the irrigation treatments (Coaker, 1966). Also, Wright 
(1940) showed that the improvement in yield produced by controlling 
cabbage root fly may be influenced by the amount of nitrogen 
available in the soil although no improvements were obtained by the 
addition of nitrogen to plants when the fly was not controlled. 
Wheatley (197~) identified 3 types of pest damage according 
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to their effects on crops produced for processing. Type l damage 
prevents the crop plant from maturing , usually killing it at an 
early stage of growth . The primary effect is to erratically reduce 
plant density leaving a ' patchy' stand of crop . Thus an adequate 
yield of produce of a desired form and quality , which is the primary 
requirement of the processor , is not obtained . 
Type 2 damage occurs on the unmarketable parts of the 
plant , usually suppressing their growth and vigour, although not 
necessarily in proportion to the degree of attack. For example , 
cabbage root fly larvae must usually destroy more than a third of 
the root s of Brussels sprouts plants before the yield of sprouts is 
measurably reduced . Thus when only type 2 damage is involved and 
small amounts can be tolerated , high levels of control are not 
necessary. 
Type 3 damage is of the greatest linportance to the 
processor because it affects the marketed parts of the crop plant . 
It may t ake the form of blemishes or holes caused by the feeding 
activities of the pest (type 3A) , the presence of the actual pest or 
its debris (type 3B) , or the entry of secondary infective organisms 
through primary lesions caused by the pest (type 3C) . Type 3C damage 
IS mainly relevant to the keeping qualities of produce in store and 
Since most produce is processed quickly after being harvested , type 
3C damage is not an Important problem In processed commodities . 
Cabbage root fly is responsible for damage in all these 
main categories. Larvae will kill unprotected brassicas in seed beds 
(type 1) . They also attack plants after transplanting, killing some 
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and stunt1ng others (types l & 2) , they damage radish and swedes 
(type 2A) and some may invade developing Brussels sprouts buttons 
(type 3B) during late summer and autumn. It is generally in causing 
type 2 and 3 damage that cabbage root fly is most unportant . 
Many brass1ca crops in Devon are grown as fodder and it is 
usual not to apply insect1cide to such crops . The fly may thus 
represent a major pest in areas where brassicas are grown. 
1 . 1 . 1 L1fe cycle 
Cabbage root flies generall y lay their eggs around the 
stembase of a host plant although it has been shown that eggs can be 
laid in the developing buttons of Brussels sprouts (Coaker , 1967) . 
Larvae feed on the root t1ssue causing significant loss of yield or 
death in a young crop, or cosmetic damage to a more mature crop 
(Wheatley & Coaker , 1969; Strandberg & Denton , 1976; Getzin , 1978) . 
Larvae pass through three instars before pupating in the soil around 
the roots of the host plant . The fly passes through two generations 
1n the north of the British Isles and three in the south (Srmth , 
1927) with pupae of the first (also here1n referred to as 
'overw1ntering') generation appearing from late June to early July, 
those of the second generation in August and those of the third in 
October (Coaker & F1nch , 1971) . Lat e developing pupae of the second 
generation and all pupae of the third generation enter diapause when 
final larval instars are subjected to 0 temperatures below 15 C 
and/or photoperiods of less than 12h (Hughes, 1960; Missonier, 
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1960) . The emergence of flies the following spring has been shown to 
coincide with the flowering of a food source, the hedgerow plant 
Anthriscus sylvestris (Coaker & Finch, 1971) . 
During hot weather , soil temperatures may reach up to 30°C 
for short periods. The higher the temperature above 20°c, the 
greater will be the proport1on of pupae that enter aestivation - a 
temporary suspension of development. Cabbage root fly is only 
susceptible to aestivation at an early stage of pupal development so 
the aestivating temperatures have the dual effect of 1nducing 
aestivat1on in receptive pupae and accelerating development in those 
pupae that have developed past the critical stage (Finch & Collier, 
1985) . 
Under laboratory conditions, females generally feed on the 
2nd and 3rd days after emergence, mate once on the 4th day and 
corrmence oviposit10n on the 5th and 6th days (Hawkes, l972b). Males 
may mate 40- 70 times from 2 days after emergence until their death 
(Coaker & Finch , 1971) . Development of the first batch of eggs 
requires only a source of carbohydrate , but subsequent batches also 
require a source of protein . This tends not to be available so that 
second batches of eggs are unusual in the field (Finch & Coaker , 
l969b). 
1.1 . 2 Behav1our and ecology 
Cabbage root flies have been shown to aggregate at hedges 
(Hawkes, l972b). This could be in response to the presence of f ood 
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plants (Hawkes, 1973) or for shelter (Finch & Skinner, 1973). 
Females move away when gravid to search for oviposition sites 
(Hawkes, 1973), being responsive to host plant odour up to 30m 
upwind (Hawkes, 1974, 1975) • Visual stimuli may also be important as 
a fly approaches a host plant and an appropriate chemostimulus on 
contact causes the fly to move down the plant in search of a 
suitable crevice in which to ovipos1t (Traynier, 1967). 
Studies on the dispersal of cabbage root fly have produced 
a variety of estimates . The f1rst work provided indirect measures of 
the ability of cabbage root fly to disperse with Read (1958) 
assessing the spread of damage from known sources of infestation and 
Mowat and Coaker (1968) momtoring the spread of an 
Insecticide-resistant strain. Both studies concluded that cabbage 
root fly has little innate tendency to disperse. Hawkes (1972a) 
marked cultured fl1es by feeding them for three days on a diet 
containing radioactive phosphorus and releasing them when 6-7 days 
old. Yellow water traps located at a maximum distance of 100m from 
the release point produced an estimated dispersal rate of 8-20m I 
day. Laboratory experiments have shown that gravid females are the 
most active stage (Hawkes, 1972b) and this was tested in the field 
by releasing 4-7 day old flies at the hedgerow in a fallow area 
downwind of a cabbage crop (Hawkes, 1974). Males were found to 
disperse at a rate of 10-27m I day and non-gravid females at 20- 30m 
I day but grav1d females moved upwind to the host crop at 40-80m I 
day. Dispersal rates were found to be initially high (170-290m I 
day) for the first few hours after release, decreasing to 36-57m I 
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day over the next two days. Finch and Skinner (1975) marked flies by 
head and body marks, allowing flies to be released when 0-l days old 
and used both cultured and wild flies. Traps were baited with an 
attractant, allylisothiocyanate (ANCS) in some of the experiments 
which increases the capture of both male and female flies (Finch & 
Skinner, 1974; Hawkes, 1980). Finch and Skinner concluded that wild 
females carried out a 'migratory' flight (section 2.9.3) dispersing 
at cl000m I day during the fifth and sixth days, the days preceeding 
the start of oviposition, and suggested that the dispersal range of 
the cabbage root fly is probably within a 2000-3000m radius of the 
site of infestation. They asserted that their results complemented 
those of Hawkes (1972a, 1974), suggesting that his results described 
the dispersal of flies in an appetitive condition once they had 
arrived at, or near to a brassica crop, whereas their results 
related to a migratory phase during which females continued to 
disperse even if they encountered a host crop. Alexander (1983) 
avoided the limitations of cultured flies (Finch & Skinner, 1975; 
Price & Thompson, 1979) used in Hawkes' (l972a, 1974) and some of 
Finch and Skinners' (1975) experiments by investigating the 
dispersal of cabbage root fly using the age grouping of wild flies 
rather than mark and recapture techniques. He found no evidence of a 
female migratory phase and suggested that this had been an artifact 
of the use of ANCS attractant in Finch and Skinners' (1975) work. He 
concluded that 95% of flies move less than 580m. This will be 
assumed to be approximately correct in the present study. 
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1.2 Methods of control 
cabbage root fly has been resistant to organochlorine 
insecticides for some time now (Coaker et al, 1963 ; Gostock & Baker , 
1966) and current control methods rely on organophosphorus and 
carbamate insecticides (Anon, 1986) . These 
accurate placement in order to achieve effective 
chemicals require 
control (Bevan & 
Kelly, 1975; Mowat, 1975) , are more toxic to plants and operators, 
more expens1ve and degrade faster once in the soil thus providing 
protection for a shorter period (Beynon Hudson & Wright , 1973) . Some 
are toxic to carabid beetles (Mowat & Coaker , 1967) which are 
important predators of cabbage root fly eggs (Coaker , 1966 ; Mowat & 
Martin , 1981) . There is evidence that cabbage root fly has not been 
aquir1ng resistance to organophosphorus insecticides (Thompson , 
1979) although cross-resistance to other , unrelated compounds can 
develop (O 'Brien , 1967). Suggested treatments against first 
generation cabbage root fly in 1986 (Anon , 1986) were, for swede and 
turnip, the appl1cation of granules such as carbofuran at drilling, 
or a band spray of chlorfenvinphos in front of the drill. Against 
the second generation , a second band application of carbofuran in 
late July before the crop closes over the rows, or two supplementary 
sprays of chlorfenv1nphos in July/August , accurately timed according 
to ADAS directions, were advised . For leaf brassicas , it was advised 
that crops should not be drilled until late April then band or spot 
appl1ed granules, or a spray/drench should be used . Chlorpyrifos was 
recommended as a pre-planting drench on standard peat blocks. 
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The increasing cost of pesticide development means that 
Important new chemicals are unlikely to appear in the near future 
(Brown, 1977). Higher capital costs in farming have led to greater 
specialisation among growers with crops grown in larger fields and 
under shorter rotation thus increasing their susceptibility to pests 
(Strickland, 1972). The elimination of the necessity for weeding by 
modern herbicides has led to an increase in crop densities, further 
raising their susceptibility to attack (Finch & Skinner, 1976) . An 
Increasing proportion of vegetables have been grown for freezing and 
packing for which the produce is required to conform to particular 
specifications regarding size uniformity and pest damage (Wheatley, 
1972). All these factors have tended to increase pesticide use in 
recent years but with the increasing cost of pesticide and rising 
public awareness of environmental issues and the dangers of 
pesticide residues In food, there is a need for a rationalisation of 
pesticide use. This requires a comprehensive understanding of the 
life history of a pest and the mechanisms by which it regulates its 
phenology (see 3.1 . 1). 
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1. 3 The problem 
The nature of the various stages of diapause (section 3.2) 
1s such that the states of development of overwintering pupae tend 
to become synchronised (Finch & Collier, l983a). This results in · a 
sharply def1ned emergence period and as host crops are mostly young 
and hence more vulnerable in the spring , the first generation of 
cabbage root fly causes the most damaging infestations (Miles, 
1956) . The accurate prediction of the emergence of this generation 
is thus of vital importance to any rationalisation of pesticide use 
and it has been shown that a single , accurately t1med application is 
more effective than up to 21 regular weekly sprayings or the usual 
soil treatment at planting {Wyman, 1977). Coaker and Wright (1963) 
conducted an ll year study at the National Vegetable Research 
Station at Wellesbourne , measuring the accumulation of day-degrees 
(D0 ) above 6°C (the excess over 6°C of daily air temperature 
max-min/2) up to the emergence of first flies each year. They found 
that the greatest statistical accuracy for the prediction of first 
emergence was obtained by calculating from l February, with c200 D0 
above 6°C required. The use of D0 in pest management has been 
reviewed by Pruess (1983) who suggested various standardisations 
including the use of air temperatures in calculating D0 . Collier and 
F1nch (1985) reinvestigated the low temperature threshold for 
cabbage root fly development and concluded that soil temperature at 
a depth of 6crn should be used 0 and D accumulated above a base 
temperature of 4°C. They found that a Wellesbourne field population 
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required 179 +/- 8 D0 above 4°C, calculating from lst February, to 
50% emeregence. Flies emerging at the normal time generally appear 
from late April to May , however, Finch and Collier (1983) in 
Lancashire and Alexander (1983) in Devon, identified populations 
whose emergence was protracted with emergence peaking in the week 
8-lSth June in the Lancashire populat1on (Finch & Collier, 1983) . 
The D0 requirements of such flies must obviously be far greater than 
those appearing in early May and they would avoid pesticides appl1ed 
at the usual times . As predation of cabbage root fly eggs by ground 
beetles is much more effective when the eggs are present in high 
numbers (Hughes, 1959; Wr1ght et al, 1960; Coaker & Wright , 1963; 
Coaker, 1965), protracted emergence may improve the survival of 
subsequent egg batches. Parasitism may be similarly reduced (Finch & 
Collier, 1983). 
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1.4 Objectives 
The project had two main aims: 
1) To investigate how widely late emergence occurs in Devon and the 
extent to which emergence is delayed. This was to be achieved by 
monitoring the emergence of flies from fields on farms with, as far 
as possible, contrasting agricultural practices. 
2) To investigate the temperature responses of pupae from which 
emergence is delayed after passing through diapause, in order to 
discover the mechanisms which determine the delay in emergence and 
to enable its prediction. 
The ultimate aim of this work, through prov1ding a greater 
understanding of the phenomenon of late emergence in cabbage root 
fly, was to enable a greater rationalisation in the use of 
insect1cide to combat the pest. 
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Chapter 2 
An investigat ion of the emergence patterns of cabbage root fly 
populations at a var iety of sites 
2.1 Sites chosen 
The a11n at the outset was to establish four t o six sites 
with, as far as possible, contrasting locations and cropping 
practices. Brassica crops are not common in South Devon and are 
grown rrostly as 
possibill ties were 
fodder (turnips, kale, 
limlted. Previous work 
swedes) 
based 
so 
at 
that the 
Plyrrouth 
Polytechnic (Alexander, 1983) made use of three sites in South Devon 
and their suitability to the present study was investigated. Fields 
that were subsequently used for trapping are marked by toothed 
margins i n figs l-15 . 
l) Great Englebourne Farm, Harbertonford , Devon, SX 777568. 
This is a livestock farm growing barley and swedes for 
fodder, the latter usually being planted at the end of June thereby 
avoiding early-emerging flies of the first generation. This is the 
site at which Alexander (1983 ) found late -emerging flies and it was 
therefore considered to be an important prospective source of data. 
Unfortunately however, the sampling procedure was found to be 
unacceptable to the farmer and no f urther use was made of the site. 
2) Venn Farm, East Allington, Devon, SX 778461. 
This farm is concerned mainly with rearing sheep and 
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growing barley. Spring or sunmer cabbage has been grown for some 
years although latterly these have been replaced by potatoes . 
Brassicas are also grown as fodder and in this respect the site 
contrasts with others in having less kale and a greater proportion 
of stubble turnips and swedes. A brassica crop is usually available 
to all three generations although again, the tendency towards 
planting brassicas in early June may have provided a selection 
pressure towards late emergence of the first generation. Since the 
site was used by Alexander (1983), the distribution of brassica 
crops on the farm over three years prior to the current project had 
been recorded (figs l-3) and is shown for the current work (figs 
4-5). 
3) Seale Hayne College, Newton Abbot, Devon, SX 830723. 
The college grows a wide range of crops with an assortment 
of brassicas generally being available throughout the year. Most of 
the brassicas surrounding the college consist of kale with some 
small garden plots of cabbage and there 1s usually a brassica crop 
available to all three generations. A brassica crop is generally 
available sufficiently early in the year to provide little selection 
pressure towards late emergence and a relatively well defined 
emergence period would be expected. Records of the annual 
distribution of crops have been made and the distribution of 
brassicas during 5 years prior to 1983 is shown (figs 6-10) and 
during this project (figs ll-12). 
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F ig 1 Brassica crops on Venn Farm in 1980. 
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Fig 2 Brassica crops on Venn Farm in 1981. 
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Fig 3 Brass1ca crops on Venn Farm in 1982. 
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Fig 4 Brassica crops on Venn Farm in 1983 . 
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Fig ~ Brassica crops on Venn Farm in 1984. 
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Fig 6 Brassica crops at Seal e Hayne 1n 1978. 
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Fig 7 B~assica c~ops at Seale Hayne in 1979 . 
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f.J:._g__§. Br-assi ea cr-ops a t Seal e Hayne in 1980 . 
1 KM 
S SWEDE 
K KALE 
ST STUBBLE TURNIP 
Fig 9 Brassica crops at Seale Hayne in 1981. 
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Fig 10 Brassica crop~ at Seale Hayne in 1982. 
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Fig 11 B~assica c~ops at Seale Hayne in 1983. 
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Fig 12 B~assica c~ops at Seale Hayne in 1984 . 
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The following sites were also established: 
4) Great Stert Farm, Cornwood, Devon, SX 580578. 
This fann rears livestock with brassicas grown, largely as 
animal fodder , throughout the year . Its relatively close proximity 
to the Polytechnic made it a useful site. Some kale is grown in the 
surrounding area but very few swedes . The farmer does not keep 
cropping records so only the distribution of brassicas during the 
current project is shown (fig 13-14). 
5) Clotworthy Farm, Coldridge, Lapford , Devon, SX 697097. 
Situated in North Devon , this site provides a good 
geographical contrast to the other sites. Swedes are grown for human 
consumption and few , if any, are grown in the surrounding areas. 
Insecticides are probably applied more frequently than at other 
sites. The site was only used during the 1984 trapping season and 
has not made a large contribution to final conclusions , so its 
cropping history is not shown (fig 15). 
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Fig 13 B~assica c~ops on Great Ste~t Fa~m in 
1 KM 
S SWEDE 
Fig 14 Brassica crops on Great Stert Farm in 
1 KM 
S SWEDE 
K KALE 
Fig 15 Brassica crops . on Clotworthy Farm in 1983 . 
1KM 
S SWEDE 
2. 2 Sampling methods 
2. 2.1 Water traps 
A means of assessing the pattern of emergence of first 
generation cabbage root fly from a particular field was required. 
The yellow water trap (Hawkes , 1969) modified by the use of 
fluorescent paint (Finch & Skinner, 1974) has been a popular tool 
for sampling cabbage root fly populations. It has the advantages of 
being cheap to produce and it can be placed around the edge of the 
field containing the population under study, avoiding disturbance or 
damage to the crop. It has the disadvantages however , of killing the 
flies which it catches and that it is a relative sampling method 
with associated limitations. The efficiency of the traps may 
diminish through the season as the growth of surrounding vegetation 
and the crop makes traps less visible to the flies. Thus , for 
example, two equal-sized peaks in emergence during the summer may 
not result in two equal-sized peaks in water trap catches. Also , the 
cabbage root fly population present in a field where the emergence 
pattern is being studied may consist of a mixture of flies that 
emerged in that field and immigrants. The impact of immigrants may 
vary both from site to site and through the season at any particular 
site. Any estimation of this impact must consider the disparity of 
opinion that exists regarding the dispersal rates of cabbage root 
fly (Hawkes, 1972a, 1974; Finch & Skinner, 1975; Alexander,l983) , 
although immigrants are likely to be older than residents on 
average. Young flies are unlikely to be Immigrants so that detecting 
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young flies in water traps may solve the immigration problem. Age 
also affects field distribution (Hawkes, 1973; Finch and Skinner, 
1975) and response to traps (Finch & Skinner, 1974). It is thus 
important when interpreting the data from water traps, to have 
est1mated the age of the flies caught. 
Various anatomical changes take place through the life of 
a fly allowing the life-span to be divided into 'physiological' 
age-groups. These reflect absolute age although changes 1n the rate 
of development through env1ronmental fluctuations affect the 
relationship (Tyndale-Biscoe & Hughes, 1969; Vogt, Woburn & 
Tyndale-Biscoe, 1974; Kitching, 1977). The age-grouping of female 
insects has been extensively developed, originally by Detinova 
(1968) on species of mosquito and more recently on a wide range of 
species (Saunders, 1962; Anderson, 1964; Tyndale-Biscoe & Hughes, 
1968; Vogt et al, 1974; Hawkes, 1975). In laboratory conditions 
cabbage root fly is capable of many ovarian cycles (Finch, 1974) but 
although only carbohydrate is required for the first batch of eggs, 
a source of protein is required for subsequent batches (Finch & 
Coaker, 1969; Finch, 197la). In f1eld conditions 94-97% of females 
feed only on carbohydrate and therefore produce only one batch of 
eggs (Finch, 197lb) so that only parous and several categories of 
nulliparous female cabbage root fly need be considered. The scheme 
used is as devised by Hawkes (1975) (fig 16). 
There is no published method for determining the age of 
male cabbage root fly although the sexes have been shown to differ 
in their behaviour (Hawkes, 1973, 1975; Finch & Skinner, 1975). 
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Fig 16 Physiological age classes of female cabbage root fly 
<from Hawkes, 1975). 
AGE GROUP 1 (nu~liparous) AGE GROJ? 2 
No yolk 
fila:ncnt 
younzcst rollicle 
(seco~dary follicle) 
developing rollicle 
cells 
Yolk <1/3 £c ::~~le 
AGE GROUP ? AGE G~OUP 4 
Yolk 1/3-3/4 rollicle 
AGE GROUP 5 
(gravid) 
remnants nurse 
hatching 
Eggs r.ith sculptured choria 
and hatc~in~ ple~t. 
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:fcl.:'.icle 
A:Gi.. GROUP 6 
(parous} 
:folllcular 
relic 
A:GE GROUP 7 
ovarfo'lc 
Alexander (1983) attempted a classificat1on but his method was found 
to be t1me consurn1ng so 1n the current project female flies only 
were aged . 
Very large numbers of flies were caught in water traps at 
times of peak emergence which necessitated sub-sampling some 
catches . This was achieved by examining 0. 5, 0 . 3, or, in a few 
except1onal catches , 0.25 of the total material from a particular 
catch as deemed appropriate by a preliminary examination . If the 
in1tial impression was that a particularly large number of cabbage 
root fly were present in a single catch, the material was divided by 
weight . Totals were then obtained by multiplying by the appropriate 
factor. 
2.2 . 2 Emergence traps 
The lim1tat1ons of water traps indicated a need for a 
d1rect measure of the emergence pattern of a population . Also , 
another aspect of the project required cultures of early and late 
emerging flies and in order to establish these , flies needed to be 
caught alive and as they emerged so that they did not have the 
opportunity to mate. This necessitated emergence traps on the 
surface of the so1l , some distance into the field and since most of 
the sites used were commercial farms where the use of traps depended 
on the goodwill of farmers, the level of damage caused by traps and 
their maintenance was an important consideration in their design and 
deployrrent. 
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These factors led to the design and construction of 
emergence traps based on 'cone cages' (Van D1nther, 1953 ; Abu Yaman, 
1960). M1nimizat1on of damage requ1red the traps to be able to f1t 
between rows of c rops (l e be not more than 30cm 1n di ameter ) . The 
f 1nal des1gn comprised a 7 1nch (l78mm d1ameter) polypropylene 
flowerpot ( 'Optlpot', Congleton Plast1c PLC, Devon) with five of the 
six basal holes sealed with 1nsulat1ng tape and the sixth topped 
with a ' lobster pot' style col l ect1on tube manufactured from a l3ml 
plastic centr1 fuge tube (Ster1l1n, Teddington, Middlesex) (fig 17). 
2 Each trap covered a ground a rea of 244 am • 
The traps operate on the principle of the f l1es being 
induced into the collecting tube by the negative geotactic and 
positive phototactic responses which have brought them to the soil 
surface under the pot. Unable to get back out of the tube they 
remain there to be collected by unscrewing the tube and replacing 1t 
with an empty one leaving the trap in position. In preliminary tests 
approximately 70% of flies emerging from pupar1a placed in a dish 
under an emergence trap f ound their way into a collecting tube . 
These tests were conducted under laboratory lighting conditions 
however and since newly emerged flies have been found to display a 
positive phototax1s , the eff1ciency of the traps was probably much 
h1gher 1n the f1eld. 
Once traps were set in the field, total live male and 
female catches per site were recorded on each sampling occasion. 
Dead flies deter1orated quickly and 1t was not always possible to 
differentlate the sexes so only the total number of dead flies was 
recorded on each sampl1ng occas1on. 
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Fig 17 The eme~gence trap. 
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2.3 Temperature data 
As most previous work on the prediction of first generation 
cabbage root fly emergence has been based on the accumulation of day 
degrees above a developmental 0 threshold of 6 C, a measure of the 
thermal units accumulated by populations in the present study was 
required to provide comparisons with previous work. 
The nearest institut1ons to the sites used which maintained 
temperature records were Seale Hayne College, Slapton Ley Field 
Centre near Kingsbridge, Devon and Mountbatten weather station, 
Plymouth. The data collected from these sites are shown and 
discussed 1n section 5.1. 
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2.4 The 1984 trapping season (see table 1) 
At both Clotworthy and Great Stert, emergence traps were 
set in f1elds which had contained swedes at the time of pupation of 
the third generation in 1983, and which now had a young crop of 
spring barley. As informat1on about emergence patterns rather than 
population densities was required a random distribution of traps was 
sacrificed in favour of traps being set in lines. The lines were set 
with 0.5-1.0m between each trap and 8-9m between the trap line and 
the edge of the field. This facilitated monitoring the traps without 
damaging the crop and allowed a tractor plus spraying boom space to 
move around the field with a minimum chance of damage to traps (flg 
18). At Seale Hayne and Venn, another trap line was set a further 
8-9m into the field. The field at Seale Hayne contained spring 
D 
barley having previously comprised strips of swedes, ,brusse sprouts 
and turnips. Whilst traps were in place by 17th April at Clotworthy, 
Great Stert and Seale Hayne, they were delayed until 24th April at 
Venn while a potato crop was sown (previously swedes). Subsequently 
however, the row and furrow layout of the field proved excellent for 
monitoring and maintaining traps with minimal disturbance to the 
crop. 
By 24th April, 400 pots were in position at Venn with 420 
at Clotworthy, 400 at Seale Hayne and 175 at Great Stert. To 
reinforce the data obtained from emergence traps, 20 water traps 
were d1stributed around the perimeter of each f1eld along a headland 
or hedge (fig 18). All sites were visited weekly up to 17th July 
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Table 1 · Summary of the 1984 trapping season. 
Brassica Crop in wh i eh Humber of Number Date tra.pA 
Site crop emergence emergence of water set present traps set traps trape 
in 1983 
Clotworthy swedes spring barley 420 20 17/4/86 
Great swedes spring barley 175 20 17/4/86 
Start 
Sea1e swedes spring barley 
Hayne bruRsel 
sprouts 400 20 17/4/86 
& 
turnips 
Venn swede a potatoes 400 20 24/4/86 
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Fi 18 _:..9._ ___ _ The positioning of eme~gence t~aps (dashed) and 
wate~ t~aps <c~osses) in 1984. 
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when it was necessary to remove emergence traps prior to harvest. 
The exception was the potato field at venn where traps were left 
down until llth September, only being lifted when no flies had been 
caught in the previous fortnight and very low numbers were being 
caught in the water traps. 
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2.5 1984 results 
The total numbers of flies caught in water traps varied 
between 818 at Seale Hayne (table 2) and 7484 at Venn (table 2). In 
emergence traps however (table 3), only one fly was caught at Seale 
Hayne (on 5 June) with 20 at Great Stert, 24 at Clotworthy and 71 at 
Venn. Flies were caught in emergence traps throughout the trapping 
period up to 17 July at Great Stert and Clotworthy, and as late as 
28 August at Venn. 
All sites showed an initial peak in catches in both 
emergence and water traps around 8 May. There is evidence of a 
smaller, second peak around 5-12 June in both trap types at 
Clotworthy (fig 19) but in water trap catches only at Great Stert 
(fig 20) and Seale Hayne (fig 21). Indications of a second peak at 
this time in emergence traps at Great Stert and Venn (fig 22) may be 
coincidental as only one or two individuals were responsible for 
producing the peaks. 
At Venn, both emergence and water trap catches peaked 
strongly on 17 July although emergence traps caught more and water 
traps less than at the time of their respective first peaks. 
Trapping ceased at the other sites on this date but their data show 
no evidence of a peak at this time. Of the five flies caught at 
Great Stert on 17 July, 3 were dead and in a state of decay possibly 
having been missed on previous sampling occasions. It is unlikely 
however, that this occurred at other sites and very few flies were 
found in a state of decay during the trapping period. 
41 
Table 2 
DATE 
24/4 
1/5 
8/5 
15/5 
22/5 
29/5 
5/6 
12/6 
19/6 
26/6 
}/7 
19/7 
17/7 
24/7 
31/7 
7/8 
14/8 
21/8 
28/8 
4/9 
11/9 
Flies of the overwintering generation cau&ht in water 
traps in 1984 with females grouped into physiological 
age o1aeaes. 
V E N N 
MALES FEMALES 
TOTAL 
1 2 }" 4 5 p 
4 0 0 0 0 0 0 4 
40 0 0 2 0 ·o 4 46 
951 45 9} 87 60 15 3 1254 
736 12 16 92 116 128 152 1252 
616 8 28 12 168 256 196 1344 
128 8 12 20 21 64 29 282 
139 5 0 5 11 24 26 210 
131 2 6 2 2 5 6 154 
45 0 1 } 2 2 0 53 
132 2 2 1 6 1 9 157 
198 10 6 1 17 16 9 257 
94 6 2 6 14 14 12 148 
62} 19 39 31 59 195 138 1110 
186 21 30 27 45 24 51 384 
74 8 4 6 8 22 46 168 
332 0 0 8 24 64 76 504 
24 0 0 0 0 4 4 32 
22 0 2 2 4 1 0 31 
42 0 1 3 1 6 5 64 
21 0 0 0 3 1 2 21 
3 0 0 0 1 0 0 4 
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continued ••• 
. ······ . '· . 
Table 2 (continued) 
CLOTWORrHY GT. STEin' 'SFALE HAYNE 
MALES F.EMAL.ES TOTAL MALES FF.MALE5 'TOTAL MALES FEJI!A~ TOTAL 
DATE ;1· 2 .3 4 5. p 1 2 3 4 5 p 1 2 3 4 5 p 
' 
17/4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24/4 56 
; 
0 0 0 0 0 1 57 6 1 2' 2 0 0 0 11 20 o o· o ·a 1 0 21 
1/5 187 1 0 4 7 9 7 215 75 3 5 7 15 50 25 180 87 0 0 0 0 3 4 94 
8/5 261 1 0 0 0 1 3 266 480 3o 12 21 93 22 0 658 130 1 0 0 6 3 2 142 
15/5 75 1 0 0 6 2 2 t:!6 339 J.2 15 12 60 63 69 . 570 168 0 2 6 6 6 7 195 
22/5 39 0 1 0 4 3 0 47 198 2 0 1 16 24 26 267 118 0 1 1 3 2 1 126 
29/5 123 0 0 1 1 3 9 137 178 2 2 1 12 22 12 229 47 0 0 0 0 4 4 56 
5/6 148 3 3 10 5 8 19 196 290 1 1 1 2 9 9. 313 94 2 0 0 0 0 3 99 
12/6 91 0 0 0 0 0 0 91 444 0 0 0 0 1 0 445 32 0 0 0 0 1 2 35 
19/6 43 0 0 0 0 0 3 46 284 4 4 5 4 8 40 349 13 0 0 0 2 0 1 16 
26/6 40 0 0 0 0 0 0 40 264 0 0 0 0 0 0 264 6 0 6 0 0 0 3 9 
3/7 1 0 0 0 0 0 0 1 330 0 0 1 15 6 3 355 5 1 0 0 0 0 0 6 
10/7 10 0 0 0 0 0 2 12 252 0 0 0 6 3 6 267 7 0 0 0 0 1 0 8 
1717 . 40 0 0 1 1 0 1 43 208 0 0 8 24 24 45 309 10 0 0 0 0 0 1 11 
· ..•. r ·-
Table 3 .· Flies of the overwintering generation caught in emergence 
~· 
traps in 1984-. 
DATE VF.NN CLOTWORl'HY GT. STERT SEALE HAYNE 
Live LiveJ De d Live Live ,I_ Dead Live Live lnead Live Live I Dead 
.Nale Female a 14a.le Female Male Female Male Female 
24/4 0 0 0 0 0 0 1 0 0 0 0 0 
1/5 
' 
1 0 2 2 0 2 1 0 0 0 0 
8/5 4 1 0 0 2 0 
' 
0 0 0 0 0 
15/5 0 
' 
0 0 0 0 0 0 0 0 0 0 
22/5 2 1 0 0 0 0 0 1 0 0 0 0 
29/5 0 0 0 2 0 0 0 0 0 0 0 0 
5/6 1 2 0 
' 
2 0 0 
' 
0 1 0 0 
12/6 1 0 0 1 2 0 1 0 0 0 0 0 
19/6 1 1 0 0 0 0 1 0 0 0 0 0 
26/6 1 
' 
0 1 1 0 0 0 0 0 0 0 
3/7 
' 
4 0 1 2 0 2 0 0 0 0 0 
10/7 
' 
4 
' 
0 0 0 0 0 0 0 0 0 
17/7 0 
' 
6 0 1 2 0 
' 
2 0 0 0 
24/7 0 8 0 - - - - - - - - -
31/7 
' 
4 0 - - - - - - - - -
7/8 1 1 0 
- - - - -
- - - -
14/8 0 1 0 
- - - - - -
- - -
21/8 0 0 0 
- - - - - - - - -
28/8 0 1 0 
- - - - - - - - -
4/9 0 0 0 - - - - - - - - -
11/9 0 0 0 - - - - - - - - -
. 
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Fig~~ Trap catches in 1984 at Clotworthy 
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In order to assess how well water trap catches reflected 
emergence patterns, the correlation between numbers caught in water 
and emergence traps was determined (table 4). The sampling errors \ 
required that transformations were applied and in order to find the 
best relationship, square root and log transformations were used. 
Emergence trap data were also displaced forwards in time by a week 
to allow for the fact that flies caught in water traps are mostly 
older than those caught in emergence traps. A log-log transformation 
generally gave the best relationship (p < 0.01 for Venn and p < \ 
' 
0.001 with displaced emergence trap data). The analysis of the 
results by analysis of variance (ANOVA) was discarded after a more 
rigorous examination of the use of ANOVA on the 1985 data found the 
procedure to be inappropriate (see section 2.9). 
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Table 4 Correlations between various transformations of 
1984 emergence and water-trap data with probability 
levels. 
. ' 
VENN CLOTWORI'HY GT. STERI' 
Water trap v. emergence 0.~62 0.495 0.095 
trap NS 0.1 NS 
Water trap v. emergence 0.402 0.159 o. 711 
trap + 1 week 0.1 NS 0.01 
log water trap v. log 0.657 0.200 0.050 
emergence trap 0.01 NS NS 
log water trap v. log Q.709 -0.076 0.47~ 
emergence trap + 1 week 0.001 NS NS 
log water trap v. square- 0.654 0.204 0.020 
root emergence trap 0.01 NS NS 
log water trap v. square- 0.676 -0.082 0.464 
root emergence trap + 1 0.001 NS NS 
week 
NS • not significant 
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2.6 The 1985 trapping season (see table 5, fig 23). 
The use of Clotworthy Farm was discontinued in the light of 
results obtained in 1984, the travelling time required and the fact 
that the only brassica crop available to the third generation of 
cabbage root fly in 1984 had been treated with insecticide at 
planting. At all the farms used in 1985, two fields contained traps 
and these were distinguished according to the brassica crop 
available to the third generation in 1984. 
At Venn, a live fly was caught in the emergence traps as 
late as 28 August in 1984 and so the possibility of some flies 
delaying emergence until 1985 was investigated by returning water 
traps to the same field. This will be referred to as the 'Venn old 
field'. 20 water traps were set at all the sites on 12 April. 
Emergence traps were only set at the Venn old field once water trap 
catches indicated that flies were probably emerging in some numbers 
in the field and 600 were in place by 3 May. 600 were also set by 23 
April in a field which had grown swedes at the time of of 
oviposition of the third generation in 1984 (fig 5) and which then 
contained spring barley. 
At Great Stert there was an opportunity to compare the 
emergence patterns of flies from a field that had grown swedes and 
one that had grown kale (fig 14). These fields contained spring 
barley and a mixture of spring barley and oats respectively at the 
time of setting emergence traps. 600 traps were positioned in the 
swede field by 19 April and 600 in the kale field by 26 April. The 
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Table 5 Summary of the 1985 trapping eeason 
Cro1' in which Number of Number of Date emergence 
Site emergence emergence water traps traps set 
traps set traps 
Venn swede spring barley 800 20 23/4/86 
Venn old spring barley 600 20 3/5/86 
.L 
Great Start spring barley 600 20 19/4/86 
swede 
Great Start spring barley 600 20 26/4/86 
kale and oats 
Seale Hayne 
* * 
20 * top 
•. 
Seale Hayne 
* * 20 * kale 
•· Not applicable 
Note1 All water traps were set on 12th April. 
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!:.i.g 23 The positioning of emergence traps (dashed) and 
water traps (crosses) in 1985. 
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emergence trap effort was concentrated at Venn and Great Stert where 
late emergence was anticipated as late flies were required to start 
a laboratory culture. At Seale Hayne, where late emergers were not 
expected to have been selectively favoured, only water traps were 
set. A field of spring barley which had contained kale in 1984 and a 
National Institute of Agricultural Botany (NIAB) clubroot trial plot 
were used. The clubroot trial field had grown swedes and kale 
throughout the summer and despite the use of insecticides, bait 
traps set in 1984 (Kowalski, pers. comm.) had indicated that a large 
cabbage root fly population was supported. 
To improve the quality of the data obtained, individual 
water trap catches were recorded rather than catches from each site 
being pooled, and emergence traps were numbered and set 
consecutively so that both the performance of individual traps and 
any variation in catches across the field could be monitored. Sites 
were visited twice a week and traps were left down until l October 
at the Venn fields and 10 September elsewhere. 
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2.7 1985 results 
At several sites, larger numbers of flies were caught than 
in 1984. At the Venn swede field, 10 water traps caught 1121 flies 
between 14-17 May alone (table 6), and over 25 flies were caught in 
emergence traps on three separate biweekly sampling occasions (table 
6, fig 24). 
As in 1984, there was an indication of a bimodal emergence 
pattern at several sites with the first peak in water trap catches 
generally occurring in synchrony between sites (14-17 May at the 
Venn and Great Stert fields, 21 May at the Seale Hayne top field and 
10 May at the Seale Hayne kale field) (tables 6-11, figs 24-29). The 
first peak in emergence trap catches occurred slightly before the 
first peak in water trap catches at the Venn fields (tables 6, 7 & 
12; figs 24 & 25) and they were synchronous at the Great Stert swede 
field (table 9, fig 26). No more than 2 flies were caught in 
emergence traps on any one sampling occasion at the Great Stert kale 
field (table 12, fig 27) so that no interpretations will be made 
from emergence trap data from this site. 
A second peak in water trap catches occurred on 25 June at 
the Great Stert fields (figs 26 & 27) and the Sea le Hayne top field 
(fig 28) • Flies continued to be caught at the Sea le Hayne kale field 
(fig 29) over this period but did not produce a discernible peak. 
There was only a slight peak in the water trap catch at the Venn 
swede field on 25 June and none at all at the Venn old field (fig 
25). However, emergence trap catches produced a strong peak on 25 
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Table 6 
DATE 
16/4 
19/4 
23/4 
26/4 
30/4 
3/5 
7/5 
10/5 
14/5 
17/5 
21/5 
24/5. 
28/5 
31/5 
4/6 
7/6 
11/6' 
14/6: 
18/6: 
21/6 
25/6 
28/6 
2/7 
5/7 
9/7 
12/7 
16/7 
19/7 
23(! 
26/7 
30/7 
2/.8 
6/8 
9/8 
13/8 
16/8 
20/8 
23/8 
27/B 
30/B 
3/.9 
6{9 
10/9 
13/q 
17/9 
20/9 
24/9 
27/f, 
1/ 0 
Flies of the overwintering generation caught in 10 
water traps at the Venn ewede field in 1985, with 
females grouped into physiological age classes. 
MALES FEMALES 
1 2 3 4 5 
.. - - . 
0 0 0 0 0 0 
14 0 0 0 0 0 
21 2 1 3 1 0 
84 2 4 1 2 2 
187 1 1 0 0 1 
280 2 1 1 0 2 
492 1 8 8 1 2 8 
516 45 7 8 21 2C 
792 2 7 10 14 30 
052 0 1 3 9 1 6 27 
463 2 9 6 5 1 5 
p 
0 
0 
0 
0 
0 
0 
5 
9 
7 
3 
3 
628 15 10 ·6 10 46 16 
409 2 6 7 13 34 3 
130 0 1 3 0 4 1 
411 1 3 1 1 6 7 
126 1 3 3 2 8 2 
218 1 0 0 10 9 1 
60 265 0 .1 3 1 7 
27.9 0· 1 0 4 4 4 
288 2 1 1 4 3 3 
322 0 9 3 20 27 4 
211 1 3 0 1 8 0 
84 1 0 0 3 4 2 
BO 0 0 1 0 0 0 
65 0 0 0 0 3 0 
22 0 0 0 1 1 1 
8 1 3 1 3 6 2 
17 0 1 0 3 2 2 
4 0 0 1 0 1 1 
8 0 0 1 0 2 0 
1 5 0 0 0 0 c 2 
40 2 0 1 2 8 2 
55 0 1 1 0 5 1 
26 0 3 0 1 4 1 
16 3 3 1 4 2 1 
1 0 0 0 0 1 0 
8 0 0 0 0 2 0 
31 0 0 4 2. 2 2 
9 0 1 3 2 c 0 
7 0 0 3 0 1 0 
28 0 0 0 0 2 0 
6 0 0 5 6 7 0 
2 0. 0 0 1 1 2 
1 9 0 0 0 
-·-
0 0 0 
27 0 0 0 1 0 0 
2 0 1 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
59-. 
TOTAL 
0 
1 4 
27 
94 
190 
2!36 
534 
629 
863 
11 21 
501 
732 
476 
139 
430 
147 
240 
337 
292 
302 
383 
224 
94 
81 
70 
25 
24 
24 
7 
1 1 
1 7 
56 
63 
35 
31 
2 
1 0 
41 
1 5 
11 
30 
24 
6 
19 
29 
3 
0 
0 
0 
Table 7 
DATE 
16/4 
19/4 
23/4 
26/4 
30/4 
3/5 
7/5 
10/5 
14/5 
17/5 
21/5 
?.4/5 
28/5 
31/5 
4/6 
. 7/6 
11/6 
14/6 
18/6 
21/6 
25/6 
28/6 
2/7 
5/7 
9/7 
12/7 
16/7 
19/7 
23/7 
26/7 
30/7 
2/B 
6/8 
9/B 
13/8 
16/8 
20/8 
23/8 
27/8 
30/8 
3/9 
6f9 
10/.9 
13/9 
17/9 
20/9 
24/9 
27/9 
ljlO 
Flies of the overwintering generation caught in water 
traps at the Venn 'old' field in 1985 with females 
grouped into physiological age classes. 
MALES FE!>~ !A L.ES 
1 . 2 3 4 5 p 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
23 0 0 0 1 0 0 
1 9 0 0 0 6 0 0 
76 2 1 2 1 8 1 0 
1b0 1 1 3 1 2 19 0 
18 5 3 0 16 77 24 3 
390 0 20 47 125 62 2 
309 0 14 33 147 220 6 
243 0 20 1 5 72 137 1 
133 2 1 0 23 74 1 8 0 
80 1 5 8. 2 47 1 
1 3 0 2 0 1 2 10 1 
1 7 0 1 2 4 3 ·o 
1 2 0 0 3 15 8 0 
1 6 1 0 0 0 0 0 
9 0 0 1 3 0 0 
0 0 0 0 0 2 0 
6 0 0 0 1 4 0 
21 0 0 1 5 3 1 
53 1 0 1 13 5 1 
22 0 1 0 0 2 0 
1 5 0 2 2 4 9 0 
20 0 1 3 4 10 0 
1 7 0 0 0 3 3 0 
1 5 0 0 0 3 2 0 
1 6 0 0 0 3 6 0 
7 0 0 0 1 0 0 
1 1 0 0 0 2 1 0 
1 0 0 1 2 2 1 
4 0 0 0 2 3 0 
4 0 0 0 2 1 0 
1 5 0 1 1 5 0 1 
3 0 1 0 0 0 0 
3 0 0 0 0 1 0 
2 0 0 1 0 0 0 
6 1 1 0 0 6 0 
1 0 0 0 1 1 0 
4 0 0 1 4 3 0 
6 0 0 0 0 1 2 
2 0 0 2 0 0 0 
18 2 8 5 6 1 1 2 
44 1 5 1 17 5 2 
7 0 1 0 7 0 0 
1 4 0 1 2 4 1 0 
26 0 1 3 1 7 1 
5 1 1 3 2 5 0 
0 0 1 1 3 c 1 
2 0 1 0 2 0 0 
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TOTAL 
0 
0 
24 
24 
93 
1 97 
278 
607 
715 
4 81 
263 
1 4 4 
38 
27 
38 
1 7 
13 
2 
1 1 
32 
71 
25 
32 
36 
22 
20 
23 
8 
1 3 
7 
1 0 
6 
21 
4 
5 
3 
14 
3 
1 2 
9 
4 
52 
69 
1 3 
21 
39 
16 
6 
5 
Table 8 
DATF: 
16/tl 
19/4 
2~/4 
26/4 
~0/4 
~/5 
7/5 
10/5 
14/5 
17/5 
21/5 
24/5 
28/5 
~1/~ td 
7/6 
n/6 
14/6 
18/6 
21/6 
25/6 
28/6 
2/7 
5/7 
9/7 
12/7 
16/7 
19/7 
23/7 
26/7 
~0/7 
2/8 6j8 
9/8 
1~/8 
16jR 
20f8 
2~/0 
27/8 
30/8 
~/9 
6j9 
10j9. 
Flies of the overwintering generation caught in water 
traps at the Great Stert swede field in 1985, with 
females grouped into physiological age classes. 
MALES FW.ALliS 
1 2 ~ 4 5 p 
1 0 0 0 0 0 0 
14 3 0 0 0 0 0 
32 3 0 0 1· 1 2 
1 1 1 7 11 3 3 2 1 
216 7 17 9 1 2 7 5 
433 20 30 25 1 3 1 9 1 
355 1 1 56 36 38 42 11 
692 28 62 48 65 102 7 
906 49 42 26 55 29 21 
95 0 5 0 1 3 0 
639 7 10 6 1 7 31 13 
;312 0 7 23 32 96 11 
: 1 31 1 2 4 12 25 16 
'272 3 8 1 1 1 2 4 1 
.340 6 6 5 6 7 0 
1 207 2 4 3 10 6 0 
1 71 0 2 4 6 26 1 
1 28 0 5 9 14 7 0 1 480 5 6 5 8 4 4 
355 1 0 1 7 7 2 
503 138 6 10 36 67 59 
379 2 20 8 19 25 20 
543 2 6 8 26 10 20 
9 51 . 3 33 8 10 30 44 
550 0 0 0 1 2 29 62 
397 4 10 7 1 5 11 34 
212 2 4 9 27 1 9 38 
47 0 0 1 3 2 1 
9 0 0 0 1 0 2 
17 0 0 0 0 0 0 
45 0 0 1 0 0 2 
38 0 1 1 0 0 0 
34 0 1 0 0 0 0 
8 0 3 0 1 0 0 
20 0 6 3 1 1 1 
8 1 0 1 1 0 0 
40 0 1 5 7 2 0 
25 0 1 1 6 3 0 
3~ 0 2 1 1 0 0 90 1 9 5 5 3 3 
1 4 0 0 1 1 3 0 76 0 7 4 21 10 25 
34 2 3 2 7 4 1 
61 
TOTAL 
1 
17 
39 
1 38 
273 
541 
549 
1004 
11 2 8 
104 
723 
481 
1 91 
311 
3 70 
232 
210 
163 
512 
373 
819 
473 
615 
1079 
653 
478 
311 
54 
1 2 
1 7 
48 
40 
35 
1 2 
32 
1 1 
55 
36 
39 
1 1 6 
1 9 
1 4 3 
53 
Table 9 
DATE 
16/4 
19/4 
23/4 
26/4 
30/4 
3/5 
7/5 
10/5 
14/5 
17/5 
21/5 
24/5 
28/5 
31/5 
4/6 
7/6 
11/6 
14/6 
18/6 
21/6 
25/6 
28/6 
2/7 
5/7 
9/7 
12/7 
16/7 
19/7 
23/7 
26/7 
30/1 
2/8 
6/8 
9!!_ 
13/8 
16f8 
20/8 
23/8 
27/8 
30/8 
3/9 
6/9 
10/9 
Flies of the overwintering generation caught in water 
traps at the Great Stert kale .' field in 1985, with 
females grouped into physiological age classes. -
MALES FEMALES 
1 2 3 4 5 p 
-
0 0 0 0 0 0 0 
3 (l 0 0 0 0 0 
8 (_) 0 1 0 0 0 
55 "' 4 0 0 0 0 
50 r"\ .. ··. 5 4 1 3 0 
1 1 1 
,-, 
.. ::. 7 10 1 0 5 0 
230 - 23 21 29 27 9 
169 ::_·j 18 1 5 37 1 7 3 
402 ·1 10 17 51 73 1 7 
120 () 2 2 5 7 0 
258 r. 5 4 1 5 22 9 
--· 
186 2:. 1 5 13 31 55 14 
106 ..--,-, / ( 1 4 1 1 25 1 7 
1 i, 2 u 0 1 3 10 1 
86 <") 1 0 8 5 1 
132 :') I 0 1 1 2 0 
170 0 2 1 3 10 3 
1 9 (') 2 0 0 1 0 
359 iJ 9 5 9 3 4 
274 0 4 4 8 10 11 
284 c 41 22 42 62 1 3 ~· 
114 6 22 18 24 26 34 
127 J 0 6 9 22 52 
1 2 0 0 2 2 3 0 
134 u 1 1 2 8 1 2 93 
110 1:' 4 2 4 "18 53 · . .! 
74 ! 15 9 1 3 1 2 24 
8 f) 4 2 4 1 16 
4 0 0 0 0 0 0 
2 r) 0 0 0 0 0 
2 i) 0 0 1 0 0 
Q_ ,···, 0 0 0 0 0 
3 0 0 1 1 0 0 
7 0 0 0 0 0 0 
34 I. I 1 0 0 0 0 
9 0 0 1 1 1 0 
10 () 0 0 0 c 0 
6 0 2 0 2 0 2 
6 c.·l 0 1 0 1 0 
165 1. (:;. 18 1 2 22 10 8 
89 ...... 26 22 10 2 6 
174 C_l 32 23 37 35 5 
38 l 3 6 .8 1 5 6 
. -· 
62 
TOTAL 
0 
3 
9 
62 
65 
145 
342 
264 
574 
136 
313 
317 
189 
157 
1 01 
142 
189 
22 
392 
311 
469 
244 
217 
19 
268 
1 96 
148 
35 
4 
2 
3 
0 
5 
7 
39 
1 2 
10 
1 2 
8 
251 
1 57 
315 
77 
Table 10 
DATE 
16/4 
19/4 
23/4 
26/4 
30/4 
3/5 
7/5 
10/5 
14/5 
17/5 
21/5 
24/5 
28/5 
31/5 
4/6 
7/6 
11/6 
14/6 
18/6 
21/6 
25/6 
28/6 
2/7 
5/7 
9/7 
12/7 
16/7 
19/7 
23/7 
26/7 
30/7 
2/8 
6j8 
9/8 
13/8 
16/8 
20f8 
23/8 
27/8 
30/8 
3/9 
·6/9 
10f9 
Flies of the overwintering generation caught in water 
traps at the Seale Hayne •top' field in 1985, with 
females grouped into physiological age classes, 
MAL:ES FEMALES 
1 2 3 4 5 p 
2 0 0 0 0 0 0 
2 0 0 0 0 0 0 
30 2. 1 0 0 0 0 
55 3 4 0 0 0 0 
249 3 8 7 9 13 0 
235 1 5 4 7 19 1 6 3 
330 26 7 14 19 20 8 
227 13 2 4 14 19 3 
248 74 6 5 1 1 18 0 
199 7 3 3 5 7 1 
291 29 2 0 5 5 0 
101 5 6 10 6 6 11 
23 1 4 4 7 7 0 
71 3 7 10 8 7 0 
316 35 14 6 10 7 5 
368 11 7 4 1 6 29 31 
173 12 39 28 30 45 25 
131 14 33 20 30 23 6 
131 4 8 10 20 1 5 47 
108 7 39 1 1 . 39 1 3 1 2 
93 2 21 1 7 60 93 87 
79 0 2 5 29 26 44 
93 0 8 14 1 8 1 5 23 
130 5 3 4 14 2 22 
44 0 0 1 5 2 16 
14 1 5 2 5 2 13 
27 1 0 1 9 7 22 
24 1 4 2 12 4 1 8 
1 4 0 0 1 11 3 1 5 
1 9 0 0 0 6 3 3 
1 8 0 7 0 5 3 0 
1 8 2 7 9 4 2 3 
21 0 9 9 8 9 2 
48 0 8 2 12 6 1 
40 2 1 2 7 3 0 
91 15 12 0 12 5 1 
45 2 17 15 23 8 2 
124 0 11 1 3 32 19 48 
80 0 16 8 1 5 8 2 
1 01 9 17 9 13 10 14 
64 1 9 1 3 1 7 9 9 
36 1 2 2 1 3 0 
89 2 7 1 6 9 12 10 
63 
TOTAL 
2 
2 
31 
62 
287 
286 
399 
271 
293 
218 
304 
140 
46 
103 
366 
455 
344 
249 
2 31 
225 
373 
1 s 5 
171 
180 
68 
42 
67 
65 
44 
31 
33 
45 
58 
77 
55 
1 24 
11 2 
247 
129 
173 
122 
45 
145 
Table 11 
.MALES 
DATE 
~ 
16/4 0 
19/4 30 
23/4 5 
26/.4 1 0 
30/4 28 
3/5 34 
7/5 27 
10/5 71 
14/5 39 
17/5 57 
21/5 27 
24/5 42 
28/5 43 
31/5 23 
4/6 9 
7/6 22 
11/6 39 
14/6 24 
18/6 25 
21/6 1 2 
25/6 37 
28/6 14 
2/7 16 
5/7 26 
9/7 1 8 
12/7 1 
16/7 4 
19/7 0 
23/1 1 
26/7 0 
30/7 0 
2/8 2 
6/8 0 
9/8 5 
13/8 IS 
16/8 7 
20/8 38 
23/8 27 
27/8 1 1 
30/8 3 
3/.9 11 
6/9 6 
10f9 3 
Flies of the overwintering generation caught in water 
traps at the Seale Hayne kale field in 1985, with 
females grouped into physiological age classes. 
FEMALES TOTAL 
1 2 3 4 5 p 
-- ---- ----
.. . . ... .. - ... 
-. 
0 () 0 0 0 0 0 
0 
, ... 
0 0 0 0 32 ,,; .. 
0 0 0 0 c 0 5 
0 () 0 0 0 0 10 ~, 
0 I 10 3 2 0 40 
2 1 2 0 2 4 45 
3 0 4 7 4 0 45 
··-
2 ··- 8 11 6 2 1 01 
3 ·= •,,} 2 5 8 1 63 
2 4 1 4 3 0 71 
4 1 0 0 3 0 35 
2 i) 3 5 3 3 57 
0 : .. :: 5 3 1 G 0 63 
1 (I 3 3 3 2 35 
0 J 0 2 0 0 1 2 
1 (1 2 3 0 0 28 
0 ~2 1 1 0 0 43 
2 0 1 1 0 0 28 
0 (I 2 1 0 0 28 
0 0 2 0 0 0 1 4 
0 0 0 1 1 0 39 
0 0 2 1 1 0 18 
0 2 0 0 0 2 20 
0 1_ 0 3 1 0 31 
0 (I 2 0 0 1 21 
0 0 0 1 0 0 2 
0 () 0 2 0 0 6 
0 0 0 0 0 0 0 
0 u 0 0 0 0 1 
0 J 0 0 0 0 1 
0 i)_ 0 0 0 0 0 
0 () 0 0 1 0 3 
0 (.i 0 0 0 0 0 
0 0 0 0 0 0 5 
0 (.l 0 0 0 0 8 
0 l 0 0 1 0 9 
0 (I 0 6 0 0 44 
0 -·, 3 6 4 2 44 ,,;_ 
0 I 5 3 1 0 21 
0 (I 3 0 0 1 7 
0 0 0 1 1 0 1 3 
0 , .... , . 
.• c. 0 0 1 0 9 
1 < 0 0 1 0 6 .1. 
64 
i 
Table12 Flies of the first generation 
-caught in emer·gence traps in 1985. 
Great I Great 
Venn Venn Stert Stert 
swedes old 
-
swedes kale 
i6/4 0 0 0 i 0 
19/4 0 0 0 0 
2"5/4 0 0 0 0 
26/4' 19 0 0 : 0 -~: 29 0 1 ! 1 
"5/51 13 0 
..., 0 L 
7/5 13 33 ~ 0 
··' 
10/5 1 5• 1 2 1 
1415\ 10 1 ,. 2 .J 
17/5 I 4 0 ..., 1 .:.. 
21/5 i 7 0 1 1 
24/5 ' 3 4 1 1 
28/5 9 0 1 0 
"51/5 2 0 0 2 
4/6 7 0 1 0 
7/6 2 0 1 2 
11/6 10 0 .., 1 ·-' 
14/6 28 0 ..,. 1 ._, 
18/6 11 0 ..,. 1 
-· 21/6 14 .., 9 0 ·-' 
25/6 11 1 0 1 
28/6 12 0 8 0 
2/7 11 0 3 0 
5/7 27 1 ,. 1 .J 
9/7 1 0 0 0 
12/7 21 0 0 1 
16/7 8 0 2 0 
19/7 4 0 1 0 
2"5(1 4 0 0 0 
26/7 7 0 0 0 
"50/7 5 0 0 1 
2/8 . 0 0 0 0 
6/8 0 0 () 0 
9/8 1 0 () 0 
13/8 2 0 0 0 
16/8 1 0 0 0 
20/8 4 0 0 0 
?.3/8 3 0 0 0 
27/8 
' ·-· 
0 0 0 
~OLB 0 0 0 0 
l~~ 0 0 0 0 .., 0 0 0 
·-' 10/9 1 0 * * 13/Q 1 0 * * 17/9 0 0 
* * 20/9 0 0 * * 24/9 0 0 * * -~ 0 0 * * 0 0 * * 
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June at the Venn swede field and catches were generally high from 
the period 11 June to 12 July although water trap catches did not 
reflect this. A strong second peak in emergence trap catches also 
occurred at the Great Stert swede field on 26 June. 
A third peak occurred at the end of August in water trap 
catches at the Seale Hayne fields (figs 28 & 29) and the Great Stert 
kale field (fig 27). There was also a small peak in water trap 
catches at the Venn old field at this time. 
The possibility of analysing the variation between water 
and emergence trap catches, between crops at a particular site and 
between sites by ANOVA was investigated. It was found however, that 
the nature of the data severely inhibited the amount of meaningful 
information that could be obtained by this procedure. The 
qualitative differences between the two trap types resulted in the 
water trap data having greater means and variances than the 
emergence trap data. As the Great Stert kale field produced only 
small numbers of flies in either trap type, variation in the data 
would have been swamped by variation in the data from other sites. 
No suitable transformation could be found which adequately 
stabilised the variance in all sets of data. Finally, the pattern of 
variation across the sites with time was too complex for ANOVA to 
show anything more than the fact that variation existed. It was 
concluded that the most appropriate method of analysing these 
relationships was a series of log-log correlations between various 
sets of data with consecutive pairs of data pooled to reduce noise 
(table 13). Regarding the data set for each trap type as a time 
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Table 13 Correlations in the 1985 trapping data, to find the 
best correlations between water and emergence traps 
in early emergere {first 7 pooled data points). 
V SW Vo GS SW 
w v. em -o.022 (NS~ 0.481 (NS~ 0.831 (~0.02) 
w v. em+1 0.201 (NS 0.461 (NS 0.840 (poo0.02~ 
log W v. log em 0.786 (p..0.05) 0.533 (NS o. 741 (poo0.05 
log W v. log P.m+1 O. 776 (pa0.05) 0.474 (NS) o. 729 (poo0.05 
Between site log-log correlations for early emergence• 
V SW v. Vo 0.814 ~p..0.02) 
GS sw v. GS .k 0.848 ~.01) 
SHt v. SH k 0.660 (pooO.l) 
V SW v. GS SW 0.835 (p.O.Ol) GS SW v. SH t 0.606 (NS) 
V SW v. GSk 0.746 (poo0.05) GS SW v. SHk 0.383 {NS) 
V SW v. SH t o. 701 (p-0.1 ) GSk v. SH t 0.608 (NS~ 
V SW v. SH k 0.625 (pooO.l ) GS k v. SHk 0.510 {NS 
Water v. emergence correlations for late emergence (pooled data 
points (8 - 16) 
V SW GS SW 
w v. em o. 366 ~ 0.555 (pooO.l) w v. em+1 0.117 NS 0.925 (p.O.OOl) log W v. log em 0.535 ~ 0.602 (p..O.l) log W v. log em+1 0.254 0.760 (p..0.02) 
Between site log-log correlations for late emergence• 
GS SW v. GS k 
SH t 
SH k 
GS SW v. 
GS SW v. 
Abbreviations 
0.872 (p.O.OOl) 
0.872 (pooO.OOl) 
0.555 (JJ-0.1) 
w 
em 
water trap data 
emergence trap data 
SH t :v. SH k 0.914 (p«<.OOl) 
GS k v. SH t 0.522 (NS) 
GS k v. SH k 0.588 (0.1) 
em+1 
V SW 
emergence trap data displaced later in time by 1 week 
Venn swede 
Vo 
GS SW 
GSk 
SH t 
SH k 
NS 
Venn old 
Great Stert swede 
Great Start kale 
Seals Hayne top 
Seale Hayne kale 
Not significant 
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series, cross-correlation functions were calculated (table 14). 
These tested the correlation between the pattern of catches in each 
trap type with different temporal displacements between the data 
sets. They indicated that the complete 1985 data sets for each trap 
type correlated better when the emergence trap data were displaced 
in time by two sampling occasions (1 week). Consequently, emergence 
trap data were also displaced by one week in some of the 
correlations on sub-sections of the data. The first 7 pooled data 
points (ie up to 4 June) were taken to be early emergers and the 
last 8 (7 June to 6 August) regarded as late emergers. Data for 
early emergers correlated at p < 0.05 between trap types at the Venn 
and Great Stert swede fields but not significantly at the Venn old 
field. Displacing emergence trap data later in time by one week 
improved the correlations at both sites but log-log transformations 
did not improve on transformed, non-displaced correlations. 
Correlations between untransformed, displaced and transformed late 
emerger data were significant between trap types at the Great Stert 
swede field (p < 0.1 top < 0.001) but not at the Venn swede field. 
Correlations between sites of early emerging water trap data were 
significant at p < 0.1 or better except between Great Stert and 
Seale Hayne fields. Late emergence correlated at p < 0.1 or better 
between Great Stert and Seale Hayne apart from the Great Stert kale 
and Seale Hayne top fields. Correlations between physiological age 
classes I and II of female water trap data and emergence trap data 
were calculated (table 15) but were generally weaker than 
correlations using the whole of the water trap data. 
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~bJ! Cross correlation functions between 1985 emergence and water 
trap data 
.j.J 
c 
ru 
E 
ru 
u 
ru 
...... 
0. 
U1 
.... 
bi -1.0 -0.8 -0.6 -0.4 -0.2 o.o 0.2 0.4 0.6 o.s 1~0\ 
Uj +----+----+----+----+----+--~-+----+----+----+----+ / 0 
-23 -0.081 XXX 
1 
-22 
-21 
-20 
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-9 
-8 
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-6 
-0.060 XXX 
-0.035 XX 
-0.006 X 
0.031 XX 
0.070 XXX 
0.134 xxxx 
0.175 xxxxx 
0.183 xxxxxx 
0.268 xxxxxxxx 
p.221 XXXX·XXX 
0.283 xxxxxxxx 
0.273 xxxxxxxx 
0.246 xxxxxxx 
0.278 xxxxxxxx 
0.248 xxxxxxx 
0.179 xxxxx 
0.186 xxxxxx 
-5 0.177 xxxxx 
-4 0.141 xxxxx 
-3 0.169 
-2 0.187 
-1 0.210 
XX XXX 
XXX XXX 
XXX XXX 
xxxxxxxx 
xxxxxxxxx ' 
0 0.261-Point of zero; 
1 0.332 displacement; 
2 0.338 
3 0.332-Point of maximum 
4 0.262 correlation 
5 0.214 
6 0.124 
xxxxxxxxx 
XXXXXXXXX' 
X X X X X X X X ,' 
XXX XXX 
xxxx 
7 0.046 
8 0.024 
9 -0.034 
10 -0.033 
11 -0.031 
12 -0.033 
13 -o.oo8 
14 0.009 
15 -0.016 
16 -0.037 
17 -0.068 
18 -0.119 
19 -0.136 
20 -0.138 
21 -0.130 
22 -0.120 72 
23 -0.114 
XX 
XX 
XX 
XX 
XX 
XX 
X 
X 
X 
XX 
XXX 
xxxx 
xxxx 
xxxx 
xxxx 
xxxx 
XXXX 
/ 
Correlation 
between 
early 
and 
late 
peaks 
Correlation 
between 
late 
peaks 
Table 15 The strength of correlations between 19B5 water 
and emergence trap data using female physiological 
classes I and II of water trap data, compared to 
using all the data. 
Great Stert Great Stert Venn Venn 
swede kale swede old 
W.ater trap v 0.561 0.294 0.242 0.235 emergence trap 
log water trap v log 0.602 0.347 0.633 0.430 emergence trap 
water trap v. emergence 0.634 0.281 0.288 0.537 trap + 1 week 
log water trap v. log 0.612 0.352 0.612 0.360 emergence trap + 1 week 
female age groups 1 & 2 
of water traps v. 0.499 0.440 0.410 0.051 
emergence traps 
log female age groups 
1 & 2 of water traps v. 0.334 0.453 0.445 0.256 
log emergence traps 
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Since individual emergence traps caught very low numbers of 
flies it might be expected that, unless pupae were aggregated, the 
frequency distribution of numbers caught would conform to a Poisson 
distribution. This was investigated by calculating the mean number 
of flies caught per emergence trap at the Venn swede field and 
calculating expected probabilities for the Poisson distribution with 
this mean. The frequency distribution in 600 emergence traps 
predicted by these probabilities was then compared to the observed 
frequency distribution (table 16). The results clearly indicated 
that the frequency distribution of catches in emergence traps at the 
Venn swede field closely followed a Poisson distribution. 
Consecutive individual emergence trap catches at the Venn swede 
field were plotted (fig 30) to investigate the possibility of 
variation in the number of flies caught across the field. The 
results showed that there was no aggregation of catches in any area 
of the field and pupae were randomly distributed across the trapping 
area. 
74 
Table 16 The fit of the frequency distribution of the 
1985 Venn swede field emergence trap data to 
a Poisson distribution. 
Observed frequency distribution: 0 1 2 
~79 170 44 
Mean catch per trap c 0.468~ 
Poisson predictions with this 
mean ~75.66 175.92 41.16 
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2.8 The 1986 trapping season and results 
At every site considered for trapping in 1986, there was a 
potential source of first generation immigrants in the proximity 
which would have made the interpretation of water traps difficult. 
This, and the time-consuming nature of water trap catch examination, 
provoked the decision not to use water traps in the 1986 season. 
Having found year-delayed emergence at the Venn old field, it was 
appropriate to investigate the possibility of 2-year delayed 
emergence. The possibility of year-delayed emergence at the venn 
swede field was also investigated, as was the still doubtful degree 
of late emergence at Seale Hayne. At best, only small numbers of 
flies could be expected from these three sources so the trapping 
effort was concentrated at these sites only. 600 emergence traps 
were set at the Venn swede and Seale Hayne fields on 3rd April (fig 
31). These were increased to 800 at each site on 10.th April. 840 
traps were set at the Venn old field on 24th April and these were 
increased to 1000 on 3rd May. The Seale Hayne field was growing 
spring barley having contained kale at the time of oviposition of 
the third generation in 1985 and the Venn swede and old fields were 
growing wheat and potatoes respectively. Traps were monitored weekly 
until 22nd August. 
No flies were caught at any of the sites during the 
trapping period although a number of cabbage root fly were observed 
on the wing in the venn swede field. 
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2.9 Discussion 
There are three main aspects of the data that require 
discussion: the relationship between water and emergence traps, the 
extent to which late emergence has been observed and its 
characteristics, and the phenomenon of year-delayed emergence. 
2.9.1 The relationship between water and emergence traps 
The plots of water and emergence trap catches (figs 19-22 & 
24-29) and the results of correlations between data from the two 
trap types for both 1984 and 1985 (tables 4 & 13) show that water 
traps generally provided a good reflection of emergence patterns. 
Correlations in 1984 data were significant at p < 0.1 or better, 
with either untransformed data, emergence trap data displaced by one 
week or log-log transformations of these. Similar correlations 
between 1985 data were significant at p < 0.05 or better. 
The indication by the cross-tabulation test on the 1985 
data (table 14) that data from each trap type correlated better when 
emergence trap data were displaced later in time by one week was 
generally supported by correlations in the 1984 data (table 4) 
although the three sites tended to conflict over the combinations of 
displacement and transformation that produced the best correlations. 
The 1985 data were rather more substantial however, and so it can be 
accepted that a log-log transformation and displacement of emergence 
trap data by one week is advantageous when correlating water and 
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emergence trap catches. 
It might be expected that female age classes I & II from 
water trap catches would correlate well with emergence trap catches 
since they are recently emerged and much less likely to be 
immigrants than older flies. However, the water traps caught many 
more males than females and very few of the females that were caught 
were young flies in the first two physiological age classes. 
Correlations using these flies were thus no better than those when 
all of the water trap data were used. 
Of the eight instances where a field contained both water 
and emergence traps over the two years of trapping, three displayed 
in the relative performance of the two trap types through } 
:::,:::::"·.:" :::.::::: :-::::0:-:::kt:::: ::::-:::,::~ps:~: I 
a change 
the Great Stert swede field in 1985, the second peak in emergence 
traps comprised twice the number of flies in the first peak whilst 
in water traps, the second peak was the same size as the first. The 
second emergence trap peak is however, sharply defined and the 
result of a single sampling occasion. At the 1984 Venn and 1985 Venn 
swede fields however, the second 'peak' in emergence trap catches 
extended approximately over the period of July and from ll June to 
12 July respectively, incorporating considerably more individuals 
than the first peaks. The second peak in water trap catches at the 
1984 field occurred at the same time as the emergence trap peak but 
was smaller than the first water trap peak. There was no peak in 
water trap catches at the 1985 Venn swede field, which corresponded 
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to the high catch from ll June to 12 July in emergence traps. 
As the cereal crops and vegetation in hedges and headlands 
grew through the season, water traps at all sites inevitably became 
less visible and indeed, many had to have surrounding vegetation 
trimmed at intervals to prevent them becoming obscured. At the Venn 
swede fleld, this effect was certainly more pronounced than at other 
sites as the hedge was high and contained many fast-growing plants 
such as nettles (Urtica dioica). Despite this, it is difficult to 
identify specific characteristics of the Venn swede field that would 
render the water traps incapable of detecting a substantial late 
emergence when water traps at other fields have detected a less 
marked late emergence. Another complicating factor is the 
possibility of water traps catching second generation immigrants at 
the same time as late emerging first generation flies. This would 
have the opposite effect of reduced visibility of water traps and 
would tend to produce or increase the size of apparently 'late 
emerging' peaks. It must be concluded that whilst water traps may be 
relied upon to detect early emergence reasonably accurately, they 
may not provide good support for emergence traps when attempting to 
monitor late emergence. 
2.9.2 The extent and characteristics of late emergence 
Early 1985 water trap catch peaks in each of the two fields 
at a particular location correlated well in every case (table 13) 
while late peaks correlated even better. With early and late peaks 
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correlating at p < 0.01 and p < 0.001 between the swede and kale 
fields at Great Stert, it appears that the pattern of emergence of 
cabbage root fly is the same from these crops. Between site 
correlations for the early emergence peaks suggest that flies at 
Venn and Great Stert emerged in synchrony, with Seale Hayne flies 
being slightly different, correlating significantly with catches at 
Venn but not Great Stert. The difference at Seale Hayne may be 
partly due to the continual presence of brassicas through the summer 
at the 1985 top field so that all three generations were able to 
utilize the field and any late emerging first generation flies were 
not distinguishable from second generation flies. It would thus 
appear that early emergence in 1985 occurred at approximately the 
same time at all sites, as did late emergence at Great Stert and the 
Seale Hayne kale field but that late emergence at Venn occurred 
later than at other sites. These generalisations also hold true for 
the 1984 data. 
The most extreme 
identified was at Halsall in 
case of 
Lancashire 
late emergence previously 
(Finch & Collier, 1983; 
Finch et al, 1986). Here, the late emergence peak occurred during 
the week 8-15 June with flies emerging from 13 April to 20 July. 
This approximates well to the late emergence observed at Clotworthy 
and Great Stert in 1984 and the Seale Hayne top field in 1985. Great 
Stert fields in 1985 produced most of their late emergence slightly 
later than this, but mid-June represented the 'dip' period before 
late emergence got underway at Venn in 1984 and only the beginning 
of a protracted late emergence period at the venn swede field in 
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1985. It may thus be concluded that late emergence on the scale 
identified by Finch and Collier (1983) may be commonplace among 
cabbage root fly populations in Devon and that considerably later 
emergence is possible with 4 flies emerging in September at the 1985 
Venn swede field, the latest on the 13th. 
It has been suggested that late emergence in Devon cabbage 
root fly populations has arisen as an adaptation to the farmers of 
the region planting brassicas in mid-June, thus avoiding those 
cabbage root fly that emerge in late April and May (Alexander, 
1983). The emergence of flies as late as September suggests that a 
large amount of variation in this late emergence has also evolved. 
Nevertheless, there is a clear tendency towards bimodality in most 
of the data. The third peaks in 1985 water trap catches at the Great 
Stert kale field and Seale Hayne kale field, and the flies caught at 
the same time in the Venn old field, are almost certainly due to 
third generation flies from nearby brassica crops. These crops were 
all planted in mid-late June, so it is possible that a few of the 
flies at the end of the late emergence period may have been from the 
second generation but the great majority could not. 
The phenomenon of polymodal emergence has been reviewed by 
Waldbauer (1978). He identified 3 distinct types of polymodal 
emergence pattern. The first involved bi- or trimodal emergence 
after a diapause of not more than one winter, as in late emerging 
cabbage root fly. Waldbauer offered evidence that this category of 
polymodal emergence is genetically controlled. The second involved 
the different modes of emergence being the product of different 
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year-classes as in the European dragonfly, and the third involved a 
year class, or portions of it, extending emergence over 2 or more 
years. Waldbauer suggested 3 categories of selective forces that 
determine the timing and pattern of emergence: 
l) The availability of partners for reproduction 
2) The availability of resources (including the absence of 
unfavourable factors) 
3) The temporal predictability of resources. 
The availability of resources affects both the timing and 
degree of synchronisation of emergence. The more temporally 
unpredictable are the resources, the greater the tendency to spread 
emergence as a 'bet-hedging' tactic. The availability of partners 
however, tends to synchronise emergence in species which are 
short-lived and/or have low population densities. The tendency for 
farmers in Devon to plant their brassicas in the summer would select 
for a more protracted emergence of first generation flies. As adult 
cabbage root flies only live for about 2 weeks the protracted 
emergence would tend to become synchronised. Females may have to 
travel some distance to find a host crop which may result in low 
densities at the crop. This may not, however, reduce the 
availability of mating partners, as mating may occur close to the 
site of emergence. 
2.9.3 Year-delayed emergence 
The appearance of year-delayed flies in water traps at the 
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Venn old field in 1985 correlated with the first water trap peak at 
the swede field (p < 0.02). This may be significant in any future 
attempts to elucidate the mechanism of year-delayed emergence in 
cabbage root fly. Although many examples have been reported of 
insects delaying emergence for a year or longer (type c in 
Waldbauer, 1978), including anthomyiids (Throne & Eckenrode, 1985), 
the genetic basis and mechanisms involved are poorly understood 
(Tauber et al, 1986). 
With 71 flies caught in emergence traps in 1984 and 44 in 
1985 at the Venn old field, a substantial proportion of th~ 
population delayed emergence for a year. However, the 1984 Venn 
field probably contributed much of the population of the 1985 Venn 
swede f1eld and 800 emergence traps failed to detect any 
year-delayed emergence in this field in 1986. That the flies that 
emerged from the Venn old field in 1985 had delayed emergence for a 
year is beyond doubt. The only way in which flies might have 
appeared in emergence traps without·them having delayed emergence 
from the previous year was by their larvae having fed and pupated on 
c'ruciferous weeds present in the potato crop in 1984. Wild crucifers 
have been shown to be poor hosts for cabbage root fly (Finch & 
Ackerley, 1977) and the numbers present in potato crops wero 
noticeably less than in cereal crops. To produce the density of 
emerging flies recorded in the field in 1985 would have required 
approximately 2 plants I ;m2 for the best wild hos~.-to abOut 20 I m'J. 
::: . . ' ,• l' - •• . • . • -
... 
" for some of the poorer hosts. Wild hosts did not occur at anything 
approaching these densities and the only species found was capsell" 
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bursa-pastoris which does not support the fly (Finch & Ackley, 
1977). As more flies emerged in the well-defined peak 1n 1985 than 
in the early peak in 1984, this implies that wild crucifers would 
have to support a similar number of pupae to a swede crop which 
seems very unlikely. Further evidence against any influence of wild 
crucifers on emergence trap catches is provided by the fact that 
2600 emergence traps set in 1986 failed to catch any flies in a 
similar cross-section of crops as trapped in previous years. Whilst 
then, it can be accepted that cabbage root fly is capable of 
delaying emergence for a year, further work must be done to 
investigate the occurrence and magnitude of phenomenon. No evidence 
was found of two-year delayed emergence although this .too is. worthy 
of further investigation. 
·' Southwood {1977) suggested that habitats have a number of 
quantitative characteristics that provide a templet for the 
evolution of· lif~history tactics of the organisms which live in. 
those habitats. He produced a two~Hnensional suinnary cif these 
characteristics {fig 32) and cited nunerous examples of species that 
support the model. Arable crops in which rotation is practised have 
been classed as temporary habitats {Southwood, 1962) and as such 
have been shown to be colonised by r-strategists (MacArthur and 
Wilson, 1967). Figure 32 shows that the appropriate response to 
temporary habitat . .charact;eristics is thus migration. Southwood 
,,:;.{1~62). '~.~~~1~ ·mf~~t~ry no~f~ .as :f<iking: ~r{.animal- aW!1Y. 
fran its popUlation territory or habitat, · often being phototactic 
and involving less frequent changes of direction than non-migratory 
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[! .. 9 __ 32_ South1~ood's <1977) summary of the life history tactics 
associated with particular habitat characteristics. 
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El sewhel~e (migration) dormancy 
and breed and breed 
or 'trivial' movement. All migratory movements have a fixed minimum 
period during which there is 'persistent locomotor activity' and 
vegetative stimuli such as the perception of a mate, food or shelter 
will not cause a migrating animal to stop. Whether such migratory 
activity occurs in cabbage root fly or not is a contentious issue 
(Mowat & Coaker, 1968; Hawkes, 1974; Finch & Skinner, 1975; 
Alexander, 1983) but delaying emergence for a year represents an 
alternative strategy (Hawkes, Kowalski & Brindle, in press). Only a 
small percentage of the 7lha of Venn farm grows brassicas each year 
(table 17) so that female flies often have to travel considerable 
distances to find a host crop. A second problem is that there has 
often been a long period before a brassica crop is again available 
(table 17) within the dispersal distance of most flies (taken as 
61il0m, Alexander, 1983). Under these circumstances,-- year-delayed 
emergence may be interpreted as a 'sit and wait-' ···tact-ic in response 
to cropping practices that cause a host crop to be grown in patches 
separated by considerable distances, but often returning to 
approximately the same location after an interval of time. The 
exhibition of such a tactic means that agricultural crops grown 
under these circumstances effectively become permanent habitats and 
migration, which is a hazardous undertaking usually involving high 
mortality, becomes less important in the suite of adaptations that 
characterise an organism exploiting 
will also, by 
agricultural 
increasing the 
habitats. 
number of Year-delayed emergence 
potential sources of irrmigrants, make populations less prone to 
cabbage root fly may have sudden booms and collapses so that 
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Table 11 
Date 
1979 
1980 
1981 
1982 
1983 
1984 
I 
I ~ 
I 
Characteristics of Delia radicu• habitats over19ix year9! 
at Venn Farm, Devon, England: 
Percentage of holding growing 
Cabbages 
!Early sownl 
1.1 
1.7 
0. 1 
zero 
zero 
zero 
Swedes 
!Late sownl 
1.5 
7.9 
2.4 
s.s 
s. 1 
3. 7 
I 
Distance between 
source of emergence 
& nearest Brassica 
crop. 
375 m 
!OS 11 
160 m 
530 IR 
905 m 
590 m 
From Hawkes et al (in press) . 
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~ I. 
Time that 
elapsed 
between the 
growing of 
a Brassica 
crop within 
600 m of 
the source 
crop. 
7 mnths 
7 mnths 
9 mnths 
9 mnths 
>22 mnths 
9 mnths 
characteristics far from the r-end of the continuum. 
2.9.4 Other considerations 
Since female cabbage root fly lay their eggs in batches at 
the roots of brassica plants and mature larvae do not move far from 
the root before pupating, it might be expected that pupae would be 
highly aggregated (Finch, Skinner & Freeman, 1974). The fact that 
the frequency distribution of flies caught in emergence traps at the 
1985 Venn swede field displayed a Poisson distribution suggests that 
soil disturbances such as ploughing and planting between the times 
of pupation of the overwintering population and the setting of 
emergence traps, produced a 
soil. This would tend to reduce 
traps estimates. 
random distribution of pupae in the 
the sampling error of emergence 
On a larger scale, since no aggregation was evident within 
the whole trapping area (fig 30), it may be concluded that pupae are 
equally distributed across the field so that the trapping area 
provides a fair reflection of pupal density for the whole field. 
This confirms the findings of Rogerson and Dixon (1976) that cabbage 
root fly oviposit at random in a field with no difference in egg 
density between the middle of a large field and near a hedge. 
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Chapter 3 
An investigation of temperature responses of cabbage root fly pupae 
passing through postdiapause development 
3.1 The nature of diapause 
The literature on diapause and insect seasonality is now 
vast. The first review of the subject area was by Andrewartha 
(1952). This has been followed by others such as Lees (1955), 
Danilevsky (1965), Lees (1968), Danilevsky, Goryshin & Tyshchenko 
(1970), Tauber & Tauber (1976) and Beck (1980). A comprehensive 
summary and critical review of all aspects of diapause and 
associated adaptations has been written recently (Tauber, Tauber & 
Masaki 1986). The material in this section is largely based on this 
work. 
3.1.1 What is the diapause syndrane? 
The environments in which most organisms live are 
constantly changing and these changes exert a po...erful selection 
pressure on the life history strategies of plants and animals. 
The three most important characteristics of environmental 
changes are their magnitude, predictability and duration. (Tauber et 
al, 1986). Predictability and duration depend on whether or not 
changes occur on a regular cyclic. basis. · Short-term or localised, 
. . . :-.. -._--•.. ,-_;:.~~·r·· -'~--·~j:· _·_ -~ ··-:~>:.:·_~- · __ :· . - --.::·~:_> -. - _-· 
acyclic .. changes such as' sudderi'temperati.ire variation/or lack .of 
' -- . \ 
food or mates, are dealt with through physiological and behaviou'ral 
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adjustments such as short range movements or periods of quiescence. I 
Adaptations to longer-term or widespread acyclic changes such as 
drought, fire and permanent habitat modifications, usually have a 
genetic base such as polymorphisms, the ability to become quiescent 
and evolutionary change. 
Adaptations to cyclic fluctuations generally involve 
biological clocks or other time-measuring mechanisms and many 
organisms synchronize their physiological and behavioural processes 
to short-term fluctuations such as diurnal, lunar or tidal cycles. 
The expression of such rhythmic responses is generally mediated 
through the neural and endocrine systems. However, most of the 
biotic and abiotic changes that affect an organism are longer-term 
such as seasonal cycles in temperature, humidity, food and 
predators. Thus, one of the most fundamental aspects of any species' 
ecological adaptation is the appropriate seasonal timing of 
recurring events such as growth, development, reproduction, dormancy 
and migration in response to these changes. This set of adaptations 
is known as the species' phenology. 
Most insects have evolved the ability to forecast the onset 
of seasonal changes by perceiving and responding to environmental 
cues. These cues are referred to as 'token stimuli' because they are 
not in themselves favourable or unfavourable for growth, development 
or reproduction but they herald environmental change. The responses 
take the form of physiological, morphological and behavioural 
modifications that prepare the insects for adverse conditions. They 
occur in a species-specific sequence and comprise the 'diapause 
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syndrome'. The definition of this has evolved considerably since the 
term 'diapause' was first applied to a resting stage during 
embryogenesis by Wheeler in 1893. The meaning was altered 
subsequently to refer to suppressed growth, development or 
reproduction at any stage of insect development (Andrewartha, 1952; 
Lees, 1955) and has more recently been broadened to cover what has 
been called a syndrome of physiological and behavioural changes 
including dormancy, seasonal migration and seasonal polyphenism 
(Tauber et al, 1986). Several, sometimes conflicting definitions 
were taken into account by Tauber et al in their definition of 
diapause as: 
A neurohormonally mediated, dynamic state of low metabolic 
activity. Associated with this are reduced morphogenesis, 
increased resistance to environmental extremes, and altered 
or reduced behavioural activity. Diapause occurs during a 
genetically determined stage(s) of metamorphosis, and its 
full expression develops in a species-specific manner, 
usually in response to a number of environmental stimuli 
that precede unfavourable conditions. Once diapause has 
begun, metabolic activity is suppressed even if conditions 
favourable for development prevail. 
Seasonal, migration is only regarded as part of the diapause 
syndrome when it involves movement to and from dormancy sites. It is 
characterised by a reduced response to vegetative and reproductive 
stimuli, and these changes occur in response to token stimuli, often 
far in advance of the seasonal change. 
Seasonal polyphenism involves changes in the colour and/or 
structure of bodies and wings. These alterations subserve such 
seasonal functions as crypsis during dormancy, thermoregulation 
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during active periods of growth, and reproduction. Those cases of 
seasonal polyphenism that are regarded as diapause-mediated are 
associated with the various diapause phases of the seasonal cycle. 
Many cases have been shown to be controlled by token stimuli but 
only .a few,. studies .have. deloonstrated a horm:mal.·linkage .between 
.... ·.{-:·\~. ', -· \J ;: • ''· . • . ·-. -. :···>·' ' .. -, '· {;, ·. -~:-· ,. ' 
seasonal polyphenisin and diapause. 
Dormancy is an ecological term referring to a seasonally 
recurring period of a life-cycle of a plant or animal during which 
growth, develop-rent and reproduction are suppressed. 'Ihus, it may be 
diapause-mediated, occurring in response to token stimuli, or it may 
involve quiescence or non~iapausing dormancy wherein metabolism is 
suppressed directly by conditions that are unfavourable for grOwth 
and developrent. Known. cases of non-diapause dormancy are unCOillllOn 
and confined to certain strains of aphid, the leafhopper Euscelis 
incisus (Kbrn) and the Antarctic terrestrial mite Alaskozetes 
antarcticus (Hamner) • 
The great majority of cases of dormancy in insects are 
diapause-mediated. The condition has two main distinguishing 
features: its anticipatory nature and its persistence. Specific 
seasonal cues are perceived by the insect which responds by 
embarking on a series of neurohormonally-mediated changes, thus 
preparing in advance for the arrival of unfavourable conditions. 
Once these changes conrnence, diapause does not terminate until 
certain physiological processes have occurred. Thus when insects in 
diapause experience conditions favourable for growth and 
reproduction, they do not resume development. Usually, insects stop 
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growing and feeding during diapause-controlled dormancy although the 
embryos of some grasshoppers may undergo development to a certain 
stage of embryogenesis and some caterpillars, immature Neuropterans 
and Chrysopa spp continue to develop in a state regarded as diapause 
since the rate and extent to which they do so are reduced and 
regulated, at least to some extent, by token stimuli. 
It is diapause-mediated dormancy, subsequently just 
referred to as diapause, which is the aspect of the diapause 
syndrome relevant to cabbage root fly and discussion of the syndrome 
will henceforth be limited to diapause. 
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3.1.2 The stages that enter diapause and the duration of 
sensitivity 
Diapause has been recognised at all times of the year and 
all stages of insect life cycles (Danilevsky, 1965; Beck, 1980). It 
typically occurs during a specific stage of metamorphosis, although 
in species with long life cycles, more than one stage may enter 
diapause as in the alfalfa snout beetle Otiorhynchus lingustici 
(Geon.) which spends the first period of diapause as a dormant, late 
stage larva and the second as a dormant adult. Some insects enter 
diapause at one stage in summer and another stage in winter such as 
the western lice-hole mosquito Aedes sierrensis (Meigen) with an 
aestival (summer) egg diapause and hibernal (winter) larval 
diapause. 
Various intraspecific variations occur, some largely a 
function of the genetic makeup of the species as in the cricket 
Fteronemobius nitidus (walker) where more than five different 
instars may be present in an overwintering population and even under 
constant photoperiod in the laboratory, growth is retarded in 
several instars. In other instances, environmental conditions prior 
to diapause influence the diapause stage. Hibernal diapause in two 
species of tettigoniids may occur in any of three different 
embryonic stages depending on the maternal photoperiod and the 
' . ·- . 
In some species, the stages sensitive to token ·stimuli and 
diapause stages are widely separated within the same generation or 
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even between generations (making them of great interest to 
physiologists) whilst in other species, particularly those that 
diapause as adults, they overlap. There is considerable inter- and 
intraspecific variation in the duration of the period in which 
insects are sensitive to diapause-inducing stimuli, ranging from two 
days in Telegryllus sp. to almost an entire year in the aphid 
Megoura. In those insects with extended period of sensitivity, the 
degree of responsiveness to diapausing-inducing stimuli may change 
over time. This occurs in the tobacco hornworm Manduca sexta 
(Johanson) , 
Neosceiulas 
the green 
fallacis 
lacewing Crysopa carnea (Stevens), the mite 
(T.) and the blowfly Calliphora vicina 
(Robineau-Desvoidy). In some cases such as the silkworm Bombyx mori 
(L.), environmental factors may influence the duration of the 
sensitive stage. 
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3.1.3 The course of diapause 
The changes that begin within an insect once the sensitive 
stage has perceived diapause-inducing stimuli, are recognised at 
four general levels: neuroendocrine, metabolic, behavioural and 
morphological. Within each of these four categories, diapausing 
individuals undergo a characteristic sequence of events that can be 
subdivided into four parts: (1) prediapause, (2) diapause induction 
and intensification, (3) diapause maintenance and termination, and 
(4) postdiapause transition periods. The prediapause and early 
diapause period involves the regulation of prediapause growth and 
reproduction in accordance with other prediapause requisites, the 
accumulation of metabolic reserves and other substances essential 
for survival during and after dormancy, movement to dormancy sites, 
and various forms of protection during dormancy. Examples of 
prediapause changes include the photoperiodic control of the rate of 
nymphal development and number of nymphal moults in same species of 
crickets. Morphogenesis is accelerated by short days and decelerated 
by long days ensuring that the insects reach the diapause stage 
before conditions become too cold. Many insects exhibit decelerated 
development rates and/or accelerated feeding rates, presumably 
utilising the energy thus derived in accumulating metabolic 
reserves. A noticeable reduction in feeding rates is, however, an 
early sign of diapause initiation. One of the most frequently 
monitored measures of the intensification of diapause is the 
depression of oxygen consumption that occurs with the reduction of 
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metabolic activity typical of diapause. Other criteria used have 
included reduced RNA synthesis, altered sensitivity to applied or 
injected hormones, increased resistance to temperature extremes, 
alteration in thermal relations and possibly a decrease in the 
critical photoperiod of long-day insects. Many of these symptoms 
develop simultaneously. 
Diapause induction and intensification is followed by a 
period of diapause maintenance during which growth and development 
would not resume were conditions favourable, and all or most of the 
species-specific symptoms of diapause are present. various terms 
have been used to refer to this phase such as diapause processes, 
diapause terminating processes, diapause-inducing processes, 
reactivation and conditioning (Waldbauer, 1978) but 'diapause 
development' usefully implies the progress made towards the 
completion of diapause. Although numerous simultaneous and serial 
processes to both maintain and terminate diapause operate during 
diapause development, the physiological processes involved are not 
yet sufficiently elucidated to allow a definition of diapause in 
physiological terms. 
Diapause may last several weeks to several years according 
to species, or even strain. The extension of diapause over more than 
one year has been discussed previously (section 2.9). The ultimate 
duration of diapause is determined by interactions between the 
genetic characteristics of the species, strain or individual, the 
sensitivity of the stages that perceive the token stimuli and the 
environmental factors that control diapause depth (effectiveness of 
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diapause-inducing stimuli) and rate (physical conditions during 
diapause and diapause-terminating stimuli where appropriate). 
The commonest mechanisms maintaining diapause are 
sensitivity to daylength and altered thermal thresholds for diapause 
develo~~t although, th~~e ~~sPc>~ '~-";~.¥ . ~ng_e, grad~lly as 
diapause progresses. In other species it ,is ·possible to distinguish 
two or more phases of diapause, regulated by different physiological 
processes. For example, embryonic development in the damselflies 
Lestes disjunctus (Leach)· and L. unguiculatus (Leach) is maintained 
initially by lowered temperature thresholds for diapause development 
and later by the action of photoperiod. 
Many species that undergo hibernal diapause gradually lose 
their sensitivity to diapause-maintaining factors and experience a 
decrease in the depth of diapause until spontaneous termination in 
late autumn or early winter. Examples include the lacewing Chrysopa 
carnea, the parasitoid Tetrastichus julis '(Haliday) and in fact~ 
most temperate zone insects that undergo an overwintering diapause, 
including cabbage root fly (Missionier, 1963). In the relatively few 
species in which a specific factor has been found to be necessary to 
terminate overwintering diapause, four stimuli have been identified: 
photoperiod, food, moisture and internal host-parasitoid and 
parasitoid-host stimuli. Such an adaptation reduces the risks of 
premature termination of diapause in areas where the winter is mild 
but conditions are highly variable. 
Diapause is generally considered to have ended when token 
stimuli no longer prevent growth and development. However, if 
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conditions of temperature, moisture and food are not yet favourable, 
diapause symptoms such as enlarged fat bodies, cold hardiness, and 
developmental suppression may be retained in a period of 
post-diapause quiescence. Cabbage root fly provides a good example 
of this (section 3.2) and numerous other examples are given by 
Tauber and Tauber (1976). Not all diapause symptoms disappear at the 
same rate and there is usually a species-specific, 
temperature-dependent progression. Development to the next stage of 
metamorphosis is also largely dependent on temperature and the 
thermal requirements for postdiapause morphogenesis often differ 
from those for the comparable non-diapause stage, as in pupae of 
Hyphantria cunea (Drury). Such dissimilarities may be accounted for 
by the differing forms of metabolic reserves and mobilization 
pathways available to diapausing and non-diapausing insects. 
A few insects display diapause-mediated effects in later 
stages or in the generation after dormancy has ended. The diurnal 
timing of pheromone release in the fall webworm Hyphantria cunea 
differs between postdiapause and non-diapause adults and several 
species of insect that overwinter as adults show reduced fecundity 
and/or fertility after diapause. In other cases however, 
postdiapause fecundity is higher than in non-diapausing insects and 
they include cabbage root fly (Soni, 1976). This may be due to a 
decrease in prediapause growth rates and/or enhanced prediapause 
feeding rates. 
The reappearance of sensitivity to diapause-inducing and 
-maintaining stimuli does not occur until the characteristic stage 
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of the subsequent generation in most insects and in some cases, 
several generations may develop before sensitivity returns. Some 
species such as Choristoneura fumiferana (Clem.) re-establish 
photoperiodic sensitivity, inducing a second diapause, very soon 
after the first and still others require a specific stimulus such as 
long day-length exposure in Sarcophaga bullata (Meigen) to reinstate 
sensitivity. 
102 
3.2 Diapause in the cabbage root fly 
Cabbage root fly is rather unusual in that temperature has 
been shown to be more important than photoperiod in providing the 
token stimulus for diapause induction (Missonier, 1963). When final 
instar larvae are subjected to photoperiods below l2h and/or 
t t bel l5oc, empera ures ow pupal diapause is induced (Hughes, 1960; 
Misso?ier, 1960; Zabirov, 1961; Harris & Svec, 1966, Read, 1969; 
Soni, 1976). 
Previous work on the temperature requirements and duration 
of diapause development has involved maintaining batches of pupae at 
assorted constant temperatures considered appropriate to diapause 
development for various periods, then transferr'ing the batches to a 
constant temperature considered appropriate to postdiapause 
development. Thus Coaker & Wright (1963) and McLeod & Driscoll 
(1967) maintained diapausing pupae at 0 and 5°C; Missonier (1963) 
used 3°C, Read (1965) -5, 2 and 7°C and Harris & Svec (1966) l°C. 
Coaker & Wright (1963) concluded that the rate of diapause 
development was 0 than 5 C although McLeod & Driscoll 
(1967) found the rate to be similar at both temperatures. There was 
general agreement however, that temperatures 0 of 3-7 C were more 
effective than l0°C or above. Collier & Finch (l983b) showed that 
the rate of diapause development increased the lower the temperature 
between l0°C and 0°C and found that two-week periods at -3°C or -6°C 
had little effect 0 on the rate compared to 0 C. Turnock, Jones and 
Reader (1985) found that temperatures lower than -l0°C during 
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diapause reduced survival to eclosion and the rate of postdiapause 
development, but no such effects were observed at -7°C. 
Different criteria have been used to assess whether 
diapause development was complete. After transferring batches of 
pupae to 20°C, McLeod & Driscoll (1967) considered that diapause 
development had been completed only in those pupae from which flies 
emerged within 30 days. Coaker & Wright (1963) considered that 
diapause was complete when no more flies emerged regardless of how 
long they took and Collier & Finch (1983a) compared populations 
using 50% and 90% emergence levels. Such discrepancies make 
comparisons between much of the earlier work difficult. Coaker & 
Wright (1963) concluded that diapause development was complete after 
15-18 weeks at 5°C but Collier & Finch (1983b) found considerable 
variation between individual requirements ranging from 12 to 20 
weeks at low temperatures before diapause development was complete. 
Certainly Read (1965) did not subject pupae to a long enough period 
of low temperature to complete diapause development in most of his 
populations. There is no indication that photoperiod has a major 
influence on the rate of diapause development as diapause 
development does not follow the regular seasonal pattern of 
photoperiod (Collier & Finch, 1983b). 
After transferring pupae to 24°C, Coaker & Wright (1963) 
found that pupae required about 11 days to emerge although 
temperatures above 21°C can induce aestivation in some pupae (Read, 
1969; Finch & Collier, 1985). Finch & Collier (1983) maintained 
pupae at 20°C during postdiapause development and used the criterion 
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of the percentage of total emergence by day 14 to compare 
populations. This varied between 100% and 4% in an early and a late 
emerging population. 
In using day-degrees to predict fly emergence it is 
important to know the threshold temperature for postdiapause 
development. Read (1962) estimated this at 10°C on Prince Edward 
Island, canada, and Eckenrode & Chapman (1971) estimated it at 6.1°C 
in Wisconsin, USA. 6°C has been used as the developmental threshold 
in many estimations of the day-degree requirements for the emergence 
of cabbage root fly (Coaker & Wright, 1963; Eckenrode & Chapman, 
1972; Nair & McEwen, 1975; Wyman, Libby & Chapman, 1977; Vincent & 
Stewart, 1981) although more recently it has been suggested that 4°C 
is a more accurate threshold (Collier & Finch, 1985) with 3 or 5°C 
found to be less accurate and 6°C less accurate still. 
Collier & Finch (1985) produced a schematic representation 
of the stages through which cabbage root fly pass under field 
conditions at the National Vegetable Research Station, 
Wellesbourne, Warwick (fig 33), which is useful in comparing the 
course of diapause in cabbage root fly and other insects (section 
3.1.3). The period begins in mid-August when final-instar larvae are 
first subject to diapause-inducing token stimuli. This is followed 
by a period of diapause maintenance during which autumn temperatures 
are too warm to allow development to proceed. Diapause development 
commences once temperatures are sufficiently low and is complete in 
an increasing proportion of the pupae from late-December I 
early-January onwards. There is then a postdiapause quiescent period 
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Fig 33 A schematic diag~am of the stages ente~ed b y ove~wintering 
pupae in a population at the National Vegetable Research 
Station, Wel lesbou~ne, from t he induction of diapause starting 
in mi d-July to the subsequent eme~gence of · flies in late 
Ap~il I early May of the following year (from Collier & Fi nch, 
1983a). 
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until temperatures are sufficiently warm in the spring for 
postdiapause development to begin. Both the diapause maintenance and 
postdiapause quiescent periods tend to synchronise the emergence of 
adults in the spring so that it is not necessary to know the 
proportions of second and third generation pupae in the 
overwintering population in order to predict when flies will emerge. 
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3.3 The mechanism of late emergence in cabbage root fly 
When Finch & Collier (1983) identified late emergence in 
cabbage root fly, they showed that the delay was not due to pupae 
receiving insufficient chilling to complete diapause development as 
maintaining populations at 4°C for up to a year did not shorten the 
subsequent time 0 to emergence at 20 C. They also investigated the 
possibility of late emergers having a lower optimum for postdiapause 
development such that 20°C would be inhibitively high, but found no 
evidence for this. They demonstrated that late emergence had a 
genetic basis by selecting flies designated as early, intermediate 
and late-emerging from a parental population heterogeneous with 
respect to emergence and showing that the Fl generations emerged 
after periods corresponding to their parental samples. They 
concluded that since Missonier (1963) showed that the thermal 
optimum for diapause development may rise during the course of 
diapause, the threshold for diapause development in late-emerging 
populations may rise above 4°C so that under their experimental 
conditions, diapause development was not complete when pupae were 
transferred to 20°C. A similar conclusion was reached by Waldbauer 
and Sternburg (1986) who found that the second peak of the 
consistently bimodal emergence pattern of Hyalophora cecropia (L.) 
occurred after an additional period of diapause development with a 
higher threshold than had been required previously. 
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3.4 Objectives 
Although maintaining batches of pupae at constant 
temperatures has been useful in establishing the temperature ranges, 
thresholds and optima for diapause and postdiapause development, 
such conditions are a poor reflection of what pupae actually 
experience in the field. Furthermore, such techniques only yield 
overall information about each stage and offer no indication of any 
changes in the response of pupae as each stage progresses. It was 
felt that a method of monitoring the progress of pupae as they 
experienced a gradually rising temperature, such as would be 
experienced in the field through spring, was required. Previous work 
has involved the use of batches of pupae. Working at constant 
temperatures, differences between individuals. in a batch would be 
secondary to differences between batches. Working conditions are 
les~ clearly defined when the temperature' is rising continually ~· 
as it has been shown that there are large differences between 
individuals in the period of chilling required to complete diapause 
development (Collier and Finch, 1983b), it was felt that pupae 
needed to be 100nitored individually. 'Ihe method .of monitoring needed 
to be non-destructive and capable of measuring, in a period of 24h 
or less, some metabolic parameter that might reflect the state of 
development of of the pupa such as respiration rate or the rate of 
.• heat evolut'ion. The aceumulation cif uric acid through: diapause was 
1nvestigated using a high pressure liql.iid chromatography technique 
(Brown et al, 1982) and a several-fold increase was dem.Jnstrated, 
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but as the method 4Iuired the 
limited value. The method 
destruction of pupae, 
would also have to 
temperature-controlled conditions or involve the removal 
it was of 
operate in 
of pupae 
from such conditions for short periods only. Waldbauer and Sternburg 
(1986) were able to monitor the progress of Hyalophora cecropia 
pupae through diapause by observing morphological changes through 
the puparium but this was found not to be possible with cabbage root 
fly because the puparium is too opaque. 
Using a suitable technique, it was intended to show in what 
respects the temperature responses of early and late-emerging 
cabbage root fly differed. 
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3.5 Methods 
3.5.1 Details of cultures 
A source of diapausing pupae was required in order to 
investigate their responses during a changing temperature. Two 
permanent cultures of cabbage root fly had been maintained at 
Plymouth Polytechnic for two and eleven years, being designated as 
the Plymouth and wellesbourne cultures respectively, although .the 
flies of the latter culture are descended from Wellesbourne flies. 
During the 1984 trapping season it was hoped that cultures could be 
established from early and late-emerging flies caught in emergence 
traps. An early-emerging culture was established with second 
generation flies caught at Seale Hayne in 1984 but flies caught in 
mid-July at Venn failed to establish a late-emerging culture. A 
year-delayed culture was established in 1985 with the flies caught 
at the Venn old field on 7th May (table 7) and later in the season a 
late-emerging culture was established with flies caught at the venn 
swede field on 5th July (table 6). Alexander (1983) found a small 
secondary peak in the emergence of flies from non-diapausing pupae 
in the Plymouth culture. Flies from this secondary peak, designated 
as delayed culture emergers (DCE) were cultured so that the 
possibility of a correlation between late emergence from diapausing 
and non-diapausing pupae could be investigated. 
111 
3.5.2 Techniques for monitoring pupae 
A cabbage root fly pupa weighs between 10 and 20mg so that 
detecting metabolic activity at initially low temperatures and over 
a period of a few hours, in individual pupae, presents problems. 
Several techniques were investigated: 
l) The measurement of pupal respiration rates using a Gilson 
Differential Respirometer (Gilson, Villiers LeBel, France) was 
investigated. The apparatus comprised a row of manometers with the 
active flasks immersed in a temperature-controlled water bath. A 
solution of potassium hydroxide was placed in the centre well of an 
active flask to absorb carbon dioxide, thus providing a measure of 
carbon dioxide uptake. Other flasks with water in the centre well 
allowed the amount of carbon dioxide evolved to be calculated. A 
number of trial runs were made using this apparatus but a large 
number of anomalous results were obtained. These were most often due 
to the level of the dye in a manometer starting to move in a 
direction and at a speed not attributable to respiration. Those 
results that were subjectively deemed to be acceptable displayed a 
wide variation at any given temperature and it was decided that even 
if considerable improvements in technique could be made, the method 
would be inadequate for monitoring individual pupae. 
2) A Maikhak Unor Infra-Red Gas Analyser was tested for its 
suitability to use as a monitor of pupal respiration. The instrument 
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comprised a self-contained unit with inflow and outflow tubes 
through which gas was circulated continuously by a pump. Pupal 
respiration could be measured by maintaining pupae in a closed 
system consisting of a gas jar connected in a loop to the inflow and 
outflow tubes. The rate of pupal respiration would be reflected by 
the rate of increase in the concentration of carbon dioxide in the 
air being circulated through the system. The accuracy of the system 
would depend on it being completely air-tight, so to test this, a 
gas jar was flushed with nitrogen and connected to the inflow and 
outflow tubes. The concentration of carbon dioxide in the system 
rose from a low initial level to that of the surrounding air in a 
couple of hours. All attempts to seal the connections in the system 
proved unsuccessful so the technique was discarded. 
3) The possibility of measuring the heat output of pupae using a 
batch microcalorimeter (LKB, Bromma 
Initial tests suggested that at 
l, Sweden) was investigated. 
the extreme lower end of the 
instrument's sensitivity range, it might be possible to measure the 
heat evolved by a single pupa. Under such conditions however, the 
instrument was exceptionally susceptible to disturbances such as 
slight draughts and some difficulties were encountered in attempting 
to produce a stable response. Whilst attempts were being made to 
stabilise the instrument, the following two techniques were also 
investigated and their greater promise led to this method also being 
discarded. 
4) A Perkin Elmer 357 Infra Red Spectrophotometer was tested as 
another method of measuring the carbon dioxide evolved by pupae. It 
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differed from the Maihak instrument in that rather than gas being 
passed through the infra-red beam driven by a pump, a standard gas 
cell was placed in the beam and the concentration of carbon dioxide 
within the cell was measured. This eliminated the necessity for 
numerous connections and the possibility of problems due to leakage 
was minimal. The instrument appeared to be sufficiently sensitive to 
be able to detect the carbon dioxide released by a single pupa over 
a couple of days, but the number of pupae that could be monitored at 
one time would have been severely restricted. The cost of gas cells 
completely prohibited the purchase of large numbers and it would not 
have been possible to keep large numbers of pupae in glass or 
plastic vials and insert these into the gas cell as they would have 
interfered with the transmission of the infra-red beam. Thus, 
although the method could be used to measure the respiration rate of 
individual pupae, it was unsuitable for monitoring the progress of 
more than two or three simultaneously. 
5) Gas chromatography has been successfully used in previous work on 
arthropod respiration rates (Dumas, Buckland & Monro, 1969; Tadmore, 
Applebaum & Kafir, 1971; Tanaka & Saito, 1984; McGiffen et al, 1986) 
so the detection of carbon dioxide using a Pye Unicam Series 104 Gas 
Chromatograph was investigated. A lm column packed with Porapak QS 
(mesh size 50-80, Water Associates Inc) was used with nitrogen as 
the carrier gas. To allow the use of a flame-ionisation detector 
rather than the less sensitive thermal conductivity detector, a 
methanator was incorporated to convert carbon dioxide to methane. 
This consisted of a 15am length of copper tube filled with a chopped 
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nickel wire catalyst. The gas flow rates were systematically 
optimised to the following rates: carrier, 30 ml/min; detector air, 
750 ml/min; detector hydrogen, 40 ml/min and methanator hydrogen, 
100 ml/min. The technique has the advantage over those previously 
investigated, that the instrument requires a sample from the 
environment of the pupa rather than measuring the environment 
directly. This facilitates relatively large-scale experiments. Each 
sample requires less than three minutes to produce a peak so that a 
large number of samples can be processed in a short space of time. 
Sampling vials with open, septa-lined caps were used (Phase 
Seperations Ltd). They are relatively cheap and their small volume 
(l.Sml) allowed a distinct rise in the carbon dioxide concentration 
to be detectable after a short period. 0.15ml samples were taken 
with a 'Minnert Pressure-Lok' gas syringe (Phase Seperations Ltd). 
3.5.3 Experimental design 
Experiment 1 
57 vials were used during this experiment. 5 were sealed 
empty to act as blanks and three contained non-diapausing pupae from 
the Plymouth culture, to provide a comparison between the 
temperature responses of pupae that had passed through diapause and 
those that had not. All other pupae used had been induced into 
' 
diapause and had been maintained at approximately 5°C for at least 4 
months, to complete diapause development. 10 vials contained pupae 
from the DCE culture, 20 contained pupae from the early culture and 
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19 contained pupae from the year-delayed culture. The vials were 
kept horizontally in petri-dishes in a cooled incubator (Griffin & 
George Ltd). The temperature was gradually increased up to a maximum 
of 20°C by adjusting the thermostat every few days and the 
temperature in the cabinet was monitored twice daily using a 
thermometer inside the cabinet. The mean temperature since the 
previous sampling run was calculated at each new run. Vials were 
sealed 7 hours before each run and opened immediately after 
sampling. OVer the period of the experiment when the temperature 
cabinet was at 10°C or less, the pupae were transferred to a fridge 
at 5°C for the duration of the run (not more than 90 min). They 
would spend approximately 15 min of this at room temperature. OVer 
the period when the cabinet was at a temperature greater than 10°C, 
pupae were kept at room temperature for the duration of the run. 
Vials were sampled sequentially during a run with the blanks 
distributed regularly throughout the sequence. Peak heights were 
recorded relative to the mean blank peak height for each run. 
Experiment 2 
58 vials were used during this experiment. Pupae from the 
late culture that had been maintained at a low temperature for 7 
months were now available and 15 pupae were used. 14 vials contained 
pupae from the early culture which had been at the same cold 
temperature, for a similar period, as those pupae from the late 
culture. 10 vials contained non-diapausing pupae from the Plymouth 
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culture and 8 contained pupae from the same DCE culture source as 
was used in experiment l. This was the only source from which pupae 
were still available to provide a comparison between the two 
experiments. A problem was discovered when the temperature of the 
cabinet in which pupae had been placed to complete diapause 
development was found to be at 7°C, probably having been so for some 
months. The cabinet had been at 5°C previous to experiment 1 and so 
batches of pupae that had been stored in this cabinet may be 
referred to subsequently as having been placed at '5-7°C'. Dishes of 
pupae which had been placed in the cabinet 6 or 7 months previously 
contained several flies that had emerged from their puparia. This 
raised the possibility that some of the pupae being used in the 
experiment had already partially completed postdiapause development. 
Some dishes of pupae had been in the cabinet for approximately 13 
months but still contained apparently healthy pupae. 10 such pupae, 
originally from the Plymouth culture, were removed and included in 
the experiment to provide a comparison with those that had been in 
the cabinet for a shorter period. 
In the light of the results obtained in the first 
experiment, it was felt that the quality of the data in the present 
experiment would be improved by increasing the temperature more 
slowly. Also, a more accurate reference point was required from 
which to calculate relative peak heights so that within- and 
between-run fluctuations in the performance of the chromatograph 
could better assessed. A standard gas calibration mixture of 1.05% 
carbon dioxide in nitrogen (Phase Separations Ltd) was injected 
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through a septum, into a gas vial (KST53/13, Clearfit Ltd) with a 
balloon sealed to the end. 0.15ml samples were removed with the gas 
syringe and injected at intervals throughout the run. Peak heights. 
were now calculated relative to the mean calibration standard peak 
height for each run. 
In all other respects, the experimental procedure was the 
same as in the first experiment. 
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3.6 Results 
The height of the peak relative to the mean blank peak 
height, for each pupa, on each sampling occasion, in experiment l 
was calculated. Peak heights from experiment 2 (appendix I) are 
relative to a calibration standard. 
The relative peak heights obtained in each experiment were 
plotted against temperature using one example from each pupal 
culture (figs 34-41). These figures illustrate that the use of a gas 
calibration standard and a more slowly rising temperature 
considerably improved the quality of the data in experiment 2, with 
a reduction in background noise and improved linearity in each 
phase. 
For most of the pupae which were in, or had completed 
diapause, there were two distinct phases: an initial phase during 
which the respiration rate did not change in response to 
temperature, and a second phase in which respiration rate increased 
more or less linearly with temperature. Relative peak heights were 
regressed against their corresponding temperatures over this phase. 
Using the data from experiment 1, several regressions were fitted 
using progressively more points down the second phase towards the 
junction of the two phases. This located the point at which the data 
should be separated to provide the best fit to a two-phase model. It 
was generally found that the best straight line fit was obtained 
using those points that had been chosen by eye before the more 
systematic method had been applied. Since the second phase data in 
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exper1ment 2 generally contained more data points, displaying a 
better linearity than the data in experiment l , po1nts were chosen 
by eye only, for the purpose of regress10n. 'rhe sampl ing occasions 
chosen to calculate the regression of peak height on temperature, 
wi th the resultant regression equations and r 2 values , are shown for 
e xperiment 2 (appendix II). The thresholds for the second phase were 
calculated by extrapolating back the l i nes of best f it to the 
intercept of the x axis (table 18). Same pupae (3 i n experiment l, 4 
in experiment 2) did not exhibit a two-phase relationship 
suff1ciently wel l, appeared to have been dead from the outset (7 1n 
experiment l, 1 in experiment 2), or had only two or thr ee points in 
the second phase data (5 in experiment l, l in e xper iment 2), so 
these were excluded. 
In experiment l, there were significant differences between 
the rrean apparent thresholds of early and year-delayed pupae (t • 
5.61, p < 0.001) and of year-delayed and OCE pupae (t = 7.48, p < 
0.0001) but not of early and OCE pupae (t = 1.06, p < 0.33). There 
were also significant differences between the mean apparent 
thresholds in each experiment, of OCE pupae (t = 5.61, p < 0.901) 
and early pupae (t = 5.16, p < 0.0001}. In experiment 2, there were 
only slight differences between the mean apparent thresholds of 
Plyroouth and non-<hapause pupae (t = 1.45, p < 0.17), and early and 
late pupae (t = 1.54, p < 0.15). In the latter case, the standard 
errors were rather different between early and late pupae and the 
early values did not conform to a standard distribution so a Mann 
Whitney test was also performed. This gave a sim1 l ar result (table 
18) showing that the chance of the early and late sanples being this 
separate but with same median was 0.29. 
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Pupa Early 
l!CII 
16 16,8 
17 18.6 
18 16.2 
21 15.9 
22 18.8 
23 17.3 
... 24 17.9 
t.l 34 15.7 ID 
·-
MEAN 1/. 1 
SE 1 ' .. • .:. I 
I 
Table 18 The apparent postdiapause thresholdA of pupae from which flies 
ultimately emerged, from various sources used in experiments 1 and 2. 
Experiment Experiment 2 
Pupa Year- Pupa DCE Pupa DCE Pupa Early Pupa Late Pupa Non- Pupa P1I!!!outh No. del~ed No. No. No. No. No. dia:eause No. 
'7 14.5 5 17.0 51 4.5 21 1,.o '6 12.8 2 8.3 11 2.6 
41 14.6 6 16.7 52 12.2 24 16.4 37 12.8 
' 
8.4 12 ,.2 
42 15.5 7 16.6 53 6.1:! 25 12.7 38 12.8 4 7.8 13 5.8 
56 14.8 9 16.9 54 1:!.2 26 7.4 40 12.4 5 10.5 15 7.7 
57 15.2 10 17.5 55 12.9 27 13.1 41 10.5 B 5.8 16 3.7 
r·/EAN 14.9 12 16.7 57 3.9 28 7.5 43 12.8 9 4.4 17 7.7 
SE 1). 42 13 16.5 58 12.1 30 14.2 44 13.3 t'IEAl\1 7·r;J 18 3.6 14 16.0 /'lEAN 32 10.5 45 13.5 SE. 0·89 19 2.4 8.0 
~--- 33 8.9 46 13.1 20 12.6 t•JEAN 16.7 bE 0.96 35 5.6 47 14.2 i•JEAN "' <=" SE o. 15 '-'•'-' 
i"'IEI~N l L (' 50 11.5 SE' 3.4 
SE 1. 1(.• 11EAN l ~. ·-: ..::. " I 
SE 0" :so 
Com:earisona between thresholds 
Experiment DCE v. 
Experiment 1 Early v. 
E!!!eriment 1 
Early v. Year-delayed t • 4.62, 
Early v. DC F. t • 1.06, 
Year delayed v. D1;E t • 7.4R, 
Experiment 2 
Experiment 2 
p < 0.0001 
p • 0.33 
p <: 0.0001 
DCE I t • 5.61, p <: 0.001 
Jo;arly I t • 5.16. p <: 0,0001 
Experiment 2 
Early v. Iate 
Plymouth v. Non-diapause 
/(Ma"" Whi~no.~, '"'='H.· 1!. 1 p = 0·2.qos) 
: -t • 1.54. p <: 0.15 
t - 1.45, p < 0.17 
3.7 Discussion 
There are several possible explanations f.or the two phases 
of response to r1sing temperature displayed by most of the pupae in 
experiments 1 and 2. The simplest of these is that the non 
temperature-dependent phase represents the postdiapause quiescent 
period (fig 33) and the temperature-dependent phase represents 
postdiapause development with the junction of the two phases being 
the threshold for postdiapause development. A complicating factor 1s 
the demonstration by Wigglesworth (1976) that the level of 
respiration of a non-diapausing pupa ascribes a U-shaped curve 
through the course of its development'. It seems reasonable to assume 
that a non temperature determined increase in respiration rate 
would also occur in diapaused pupae irmlediately prior .. to . emergence 
and this was observed in sorre individuals (eg fig 40). Despite this, 
the temperature-dependent phases displayed a strong linearity in 
many of the pupae used in the experiments, so it has been assurred 
that any non temperature-related increase in respiration rate prior 
to emergence has been similar for all p.1pae monitored and, did not 
significantly affect the differences being discussed. 
The pupae from the OCE source that was available to both 
experinents displayed different thresh<)lds ~n each experiment 
. ; ~-- .:~· .. 
table 18). one pos'sible explariat{on is that the 
(t 
5.61, p < 0.001; 
= 
threshold for postdiapause development may fall the longer a pupa is 
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in a state ot postdiapause quiescence. However, DCE pupae used in 
0 0 
experiment 2 had been at 5-7 C for over 13 months. Although 6 C has 
been used as the threshold for postdiapause development when 
calculating day-degree accumulations, 0 4 c has been suggested as a 
more appropr1ate base temperature (Collier & Finch, 1985). If the 
threshold fell as time progressed it seems very unlikely that flies 
would not have emerged or that pupae would still display the 
two-phase response to temperature observed in experiment 2, after 
such a period at 5-7°C. 
Another possible hypothesis is that the threshold for 
diapause development rises through the course of diapause. This has 
been demonstrated in the parasitoid Tetrastrichus julis, the 
diapausing eggs of some odonates, the European red mite Panonychus 
ulmi (Koch) and the geometrid Chesias legatella (Denis & 
,:• 
Schiffermuller) (Tauber et al, 1986). The thermal optimum for 
diapause development in cabbage root fly has been shown to rise as 
diapause progresses (Missonier, 1963) and this has been suggested as 
the mechanism of late emergence (Finch & Collier, 1983). Thus, pupae 
maintained at 7°C in the temperature cabinet may not have completed 
diapause. During the experiaents, once the temperature had risen 
high enough for diapause development to proceed, the pupae would 
spend a period completing diapause development whilst the 
temperature continued to rise. The temperature at which pupae 
., entered· tlle second, temperature-dependent pha~e of development would 
then be an 'apparent' threshold, higher than the actual threshold 
for postdiapause development. If the threshold for diapause 
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development in DCE pupae rose to a point at which most pupae were 
able to proceed with diapause development but only very slowly, the 
pupae used in the second experiment would require less time to 
emerge than those in the first experiment and their apparent 
thresholds for postdiapause development would be lower. 
A third possible explanation is that since the temperature 
was increased more slowly in experiment 2, the apparent thresholds 
for postdiapause development of DCE pupae in experiment 2 would be 
closer to their real thresholds and lower than the apparent 
thresholds of pupae in experiment 1. To test this, a comparison was 
made between the apparent thresholds of the pupae from the early 
emerging culture used in each experiment. In both experiments, 
batches had been placed at 5-7°C approximately 6 months previous to 
the start of the experiment so that differences in the apparent 
postdiapause thresholds would be attributable to the different rates 
of temperature increase. The thresholds differed significantly (t = 
5.16, p < 0.0001; table 16). This supports the theory that the 
difference between the apparent thresholds of the DCE pupae used in 
each experiment was due to the different rates of temperature 
increase in each experiment. 
Some individuals from the DCE source had emerged whilst in 
the temperature cabinet at 7°C. These individuals were thus able to 
complete diaupause development at 7°C and also must have had a 
postdiapause development threshold below 7°C. Some pupae from all 
cultures were able to complete development and emerge in the cabinet 
(table 19) but the fact that some were able to emerge after 5 months 
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Table 19 Sources dishes from which flies had emerged in 
the temperat~ cabinet at 5 - 7°C, by 1/8/86. 
Date put at Culture Approximate Approximate 
~- tc Source No. of Puparia No. of emerged 
Flies. 
Recent, 
flies emerging 7/2/86 Late ,oo 10 
3/2/86 Early BOO 10 
6/1/86 Year-
delayed lOO 60 
6/1/86 Plymouth 2000 10 
10/1/86 Year-
delayed lOO 15 
21/2/86 Late 100 20 
28/2/86 Late 10 5 
Old, 
flies emerging 5/6/85 Wellesboume 50 6 
27/6/85 Plymouth 50 6 
13/6/85 Early 100 34 
13/6/85 Wellesboume 100 47 
13/6/85 Plymouth 100 60 
Recent, 
no emergence 27/3/86 Late 25 0 
14/2/86 Late lOO 0 
6/1/86 Late 50 0 
6/1/86 Late 20 0 
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at 5-7°C whilst others (viz the DCE pupae used in experiment 2) had 
not emerged after 13 months suggests that 7°C lies within a band of 
temperatures which represents the range of temperature requirements 
for diapause completion in different individuals. This deduction 
supports the possibility of the different apparent postdiapause 
development thresholds of DCE pupae in experiments 1 & 2 being the 
result of a rise in the thermal optima during the course of diapause 
development. 
To complete 12-20 weeks diapause development and then 
0 
accumulate c200 day-degrees above 6 C (Coaker & Wright, 1963) whilst 
0 being maintained at 7 C would not be possible for most individuals, 
suggesting that the postdiapause development threshold for many 
individuals may be several degrees lower. This is supported by the 
responses of the pupae from the Plymouth culture in experiment 2. In 
most cases, the pupae produced a temperature-dependent response from 
the beginning of the experiment, the best straight -line fit being 
through all points with 5 out of 10 apparent thresholds being below 
4°C. The apparent thresholds of the Plymouth pupae were not 
significantly different from those of the non-diapausing pupae (t = 
1.45, p = 0.17), so these pupae had probably completed diapause 
development and the postdiapause development thresholds were 'real'. 
Why this should be the case for Plymouth pupae but not for DCE pupae 
is curious. There are several examples in the literature of an 
overlap in the thermal ranges of diapause and postdiapause 
development, such as in Chrysopa carnea, the tettigoniid 
Ephippeger cruciger and the Douglas-fir cone moth Barbara colfaxiana 
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(Tauber et al, 1986). 
The apparent thresholds of pupae from the early and DCE 
cultures did not differ significantly in experiment l (t = 1.06, p < 
0.33), but the pupae from the year-delayed culture had significantly 
lower thresholds than pupae from both of the other two sources 
(early v. year-delayed, t = 4.62, p < 0.0001; DCE v. year-delayed, t 
= 7.48, p < 0.0001; table 18). There is thus no indication of any 
link between late emergence from non-diapausing pupae and the late 
emergence of a subsequent generation from diapausing pupae. It is 
interesting that none of the pupae from the year-delayed culture 
failed to emerge whilst remaining viable. Approximately half the 
population in the Venn old field delayed emergence for a year 
(section 2.7). Two inbred generations were required to increase the 
numbers in the culture up to experimentally useful levels, but even 
if the proportion of flies with the potential for year-delayed 
emergence were to change in this time, it would be expected that 
some would not emerge but remain viable. It has been shown that the 
offspring of a single female insect may include individuals that 
enter a prolonged diapause and those that do not (Tauber et al, 
1986) and it is possible that flies that delay emergence for a year 
in the field require some environmental factor that was absent from 
the present experimental conditions. 
In experiment 2, the apparent thresholds of pupae from the 
late emerging culture were only slightly higher than those from the 
early-emerging culture (t = 1.54, p < 0.15; table 18). The two 
sources were both placed at 5-7°C 5.5 months previous to the start 
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of the experiment and had experienced the same conditions since. The 
peak emergence of flies from the early and late culture source 
dishe?, from which the pupae used in experiment 2 were taken, show a 
distinct difference (figs 42 & 43), with the late emergers having 
two peaks that correlate well with the last two peaks of the early 
emergers. If the late emerging pupae had similar apparent 
postdiapause thresholds to early emergers but emerged later, then 
they must be passing through postdiapause development at a slower 
rate. A comparison was made of the gradients of the 
temperature-dependent phases between early and late emergers, using 
time as the x-coordinate as much of the data were recorded at 20°C. 
There was no significant difference between the gradients. Since 
many more individuals contributed to the source dish emergence data 
(fig 43) than the threshold data (table 18) in experiment 2, it 
seems probable that different apparent thresholds for postdiapause 
development would have been statistically demonstrable between early 
and late emergers had more individuals been examined. Certainly the 
data !rom the early emergers shows much wider variation (mean = 
10.95, SE= 1.1) than the data from the late emergers (mean= 12.7, 
SE = 0.3) with the latest early emergers appearing at the same time 
as the last late emergers. It would appear then, that the early 
emerging culture contains some genes for late emergence. This is 
perhaps surprising since the evidence for late emergence in the 
field at Seale Hayne was weak (sections 2.7 & 2.9) with only the 
1985 kale field showing evidence of late emergence. However, the 
flies that were used to initiate the early culture were assumed to 
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be second generation flies, taken from the clubroot trial plot in 
1984. This field had contained brassicas in 1983 and hence would 
have given rise to first generation flies. If some of these were 
late emergers then they may have been caught by the emergence traps 
that supplied the flies which initiated the early culture. Several 
generations would have occurred between the culture being started 
and the start of experiment 2 so that the pattern of emergence of 
flies from the early culture source may be a reflection of this 
mixing between early and some late emergence genes. 
Certainly any differences have no connection to the 
different rates of temperature increase in experiments l & 2 and 
even if this difference has contributed to any of the results 
discussed above, only by reference to the theory of~ the thermal ~. _ 
optimum rising through the course of diapause development can all 
results be accounted for. 
An interesting observation was made when examining dishes 
of pupae which had been in the temperature cabinet at 5-7°C and in 
which some flies had emerged. A considerable number of flies began 
to emerge immediately the dishes were removed to room temperature. 
The daily eclosion rhythm of cabbage root fly has been studied by 
Thompson and Price (1979). They found that cabbage root fly 
maintained in the laboratory at 18 +/- l°C, 65% +/- 1% RH and a l6h 
photoperiod had a daily eclosion rhythm similar to that of flies in 
the field. They concluded that temperature fluctuations were 
unlikely to control eclosion rhythms when such rhythms could be 
maintained under constant temperature. Although other factors may be 
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important in regulating daily eclosion rhythms, the present 
observation suggests that an increase in temperature can prompt 
emergence in cabbage root fly. An alternative explanation is that 
the fly has a threshold for emergence and may remain in the puparium 
for a period if temperatures are below this threshold. 
In conclusion, the data obtained from this work appear to 
support the hypothesis that late emergence in cabbage root fly is 
caused by a rise in the threshold for diapause development as 
diapause proceeds. 
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Chapter 4 
An investigation into the .effects of depth of burial on the 
emergence of cabbage root fly 
.4 .1 Introduction 
-·-· 
This experiment had. two objectives: 
l) cabbage root fly larvae may pupate as deep as l5an although roost 
do so at 5 - 7.5cm. Winter ploughing may then bury pupae to a depth 
of 30an or more (Finch & Skinner, 1980). It was intended to 
investigate the possibility of the depth of burial affecting the 
tim1ng of emergence as pupae would experience differing temperature 
means and variations at different depths. The effect of depth on the 
survival of flies ~o emergence at the soil surface was also 
investigated. 
2) The pupae used in this experiment were from the same sources as 
those used in the first OC experiment (chapter 3). By subjecting 
these pupae to field conditions, a comparison of their D0 
requirements could be made against the D0 requirements of the pupae 
maintained in a temperature cabinet during the GC experiment. 
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4.2 Methods 
Pupae were used from 5 sources: a Venn year-delayed culture 
(V), a Plyroouth culture (P) and a Seale Hayne early culture (SHl), 
all . ;Of which had been placed at 5°C on 4th Oc.tober 1985, and Seale 
0 . Hayne {SH2) and OCE cultures, placed at 5 C on 29th · July 1985 and 
5th June 1985 respectively. The number of healthy pupae available 
from these sources limited the extent to which treatments could be 
equally 
. . ' 
replicated. t::..:ee =~i:ven ~: J 
the OCE batches which contained six. Batches of pupae 
'ltlere were twelve 
fourteen P and three SH2 replicates. All 
pupae except 
were. buried at 5, 15 or 25cm depth in a randomised design (fig 44) 
at Skardon Place, the Polytechnic's phytology unit. An individual 
treatment comprised a transparent, acrylic cylinder of approximately 
14cm dianeter with the bottom end covered in muslin and a 
muslin-covered lid fitting over the top. Each cylinder was placed in 
a hole dug to the appropriate depth, a thin layer of soil was spread 
over the muslin base and pupae were scattered evenly over the soil 
inside the cyllnder. The inside of the cylinder was then filled with 
soil up to the level of the external soil and the lid replaced. The 
cylinders were in place by 4th February 1986 and were checked thrice 
weekly or daily during the main period of emergence, until August 
when no more flies had emerged for a month. A 'Squirrel' 
meter/logger (Grant Instruments Ltd, Cambridge) was used to monitor 
soil temperature with 3 probes at each depth. Temperatures were 
recorded every 90 minutes. Fl1es that had emerged were encouraged 
into a muslim net and then collected with a pooter. At the end of 
the experiment, puparia were recovered by flotation and counted. 
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4.3 Results and discussion 
Catches from each treatment on each sampling occasion were 
recorded (appendix Ill). A total of 224 flies emerged from the 408 
pupae buried, a survival-to-soil-surface rate from all depths of 
55%. This is close to Finch and Skinners' (1980) figure of 56%. Only 
282 empty puparia were recovered (69%), one of which appeared to 
have been subject to predation. This figure is surprisingly low as 
Finch and Skinner (1980) recovered 90% of their puparia. No dead 
pupae were recovered and there are two possible'explanations for 
this. Flies may have emerged from all or most of the puparia but did 
not survive to the soil surface or alternatively, pupae which died 
then decomposed or at least sank during the flotation procedure. 
This may have contributed to the low recovery of puparia in this 
experiment. 
A rigorous statistical analysis was not possible due to the 
low numbers of flies caught but a chi-square analysis revealed that 
there were no significant differences between sources in the numbers 
of emerged flies when results from each depth were pooled, but 
significantly fewer flies emerged from 25cm than 5 or l5cm, with 
sources pooled (table 20). There was no significant difference 
between 5 and l5cm depth in the number of flies caught (table 20). 
Insufficient numbers were caught to identify patterns of 
emergence from different sources but on the last three sampling 
occasions, of the seven flies caught, five were from a depth of l5cm 
and two from 5cm. This further confirms the findings of Finch & 
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Skinner (1980) that burial up to l5cm did not affect survival-to 
soil-surface but that burial at depths that might result from 
ploughing (25am in this experiment, 30am in Finch & Skinners' work) 
produced a marked increase in mortality amongst flies trying to 
reach the soil surface. 
Whilst patterns of emergence were similar from 5 and l5am 
(table 20) , not enough flies emerged from 25cm (not more than two on 
any one sampling occasion) to offer a reasonable comparison with the 
other two depths. Certainly there was no indication of flies 
emerging later from 25cm than 5 or l5am. 
It may be concluded that whilst ploughing might reduce the 
numbers of flies emerging from overwintering pupae, the incidence of 
late emergence will not be affected. 
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Chapter 5 
General discussion 
A central objective 
useful contribution to the 
of this project has been to offer a 
effective and rational use of 
insecticides against cabbage root fly. Greater knowledge of the 
life-cycle of the fly allows a more accurate prediction of the times 
of the highest densities of the fly and such predictions are usually 
expressed in terms of day-degree models. 
5.1 The application of day-degrees 
All day-degree models rely on the assumption that 
development is directly related to ambient temperature and time and 
this principle has been used to describe poikilotherm and plant 
development for over 250 years (Reaumur, 1735; cited in Higley, 
Pedigo & Ostlie, 1986). The use of day-degree models has since been 
reviewed by Wang (1960), Pruess (1983), Wagner et al (1984) and 
Higley et al (1986). 
There are other assumptions and approximations involved 
that should be considered when using day-degree models. Such models 
assume that one or a number of the enzyme-catalyzed reactions that 
contribute to growth are 'rate-limiting' (Barnes, 1937). The 
individual rates of these reactions depend on the availability of 
substrates such as water and nutrients (Lees, 1955; Higley & Pedigo, 
1984), enzymes, which may be regulated hormonally through 
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photoper1od or genetic mechanisms, and temperature (Higley et al, 
1986). Changing temperatures may change the rate-limiting reaction 
w1th consequent changes and time lags in enzyme and substrate 
availability. One of the approximations involved in most day-degree 
rrodels is that they do not take account of the fact that development 
under a changing temperature regime is often different than under 
constant temperatures (Howe, 1967). In this respect, day-degree 
accumulations calculated from laboratory experiments in the present 
study should be more accurate than those from previous work (Coaker 
& Wright, 1963; Eckenrode & Chapman, 1972; Nair & McEwen, 1975; 
Wynan et a1, 1977; Vincent & Stewart, 1981; Collier & Finch, 1985). 
It has been shown that the magnitude of the differences between 
development times under constant and fluctuating temperatures 
depends on the average temperature and the amplitude and frequency 
of the fluctuations (Campbell et al, 1974). 
Insect development times are usually calculated in growth 
chambers with optimal diet and constant temperatures, therefore such 
development times must be regarded as minima. Factors such as 
photoperiod may not be properly examined and temperature incorrectly 
assumed to be the primary factor determining growth rate (Higley et 
, a1, 1986) • 
The, relationship between temperature and growth rate is 
assumed to be linear by many day-degree models but it is actually 
c\.u:vilinear. A model has been proposed which descr~bes the curve on 
the basis of the non-linear portions being a consequence of 
inactivation of a control enzyme(s) at high and low temperatures 
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(Sharpe & DeMichele, 1977). For most species however, a linear 
approximation is acceptable unless considering the extremes of the 
temperature I growth-rate relationship. 
For a given species, a developmental minimum temperature 
must be determined, which is the lowest at which the rate-limiting 
reaction(s) will occur. The usual technique is to record the 
developmental rate over a range of temperatures, fit these growth 
rates to a line and extrapolate the line back to a theoretical 
developmental zero (Sharpe & DeMichele, 1977; Baker, 1980; Van Kirk 
& Aliniazee, 1981). Such a method was employed by Collier and Finch 
0 (1985) when they suggested 4 C to be a more accurate estimate of the 
developmental zero of cabbage root fly than the previously accepted 
6°C (Coaker & Wright, 1963; Eckenrode & Chapman, 1971) but this 
method obviously only produces an estimate and invariably introduces 
some inaccuracies to the calculation of day-degrees. 
An analogous threshold occurs at the upper end of the scale 
beyond which temperatures are sufficiently high to produce 
structural changes in control enzymes, to impair general enzyme 
function or actually denature some proteins (Metzler, 1977; Sharpe & 
DeMichele, 1977). This developmental maximum predictably often 
approaches the lethal temperature for a species. Developmental 
maxima are often not determined but the error introduced is not too 
great if daily maximum temperatures are below the developmental 
maximum. 
Two other assumptions implicit in the use of day-degrees to 
model development are that the organism cannot regulate its own 
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temperature and the temperature data used for calculating 
day-degrees represent the same temperatures experienced by the 
organism (Higley et al, 1986). Many insects use behavioural and 
physiological mechanisms for thermoregulation (May, 1979). One 
behavioural mechanism is to seek a thermally favourable habitat, 
which also relates to the second assumption. Obviously, differences 
between microhabitat and ambient air or soil temperatures produce 
errors in day-degree estimates and temperature data from a single 
site can only approximate temperatures at other locations. 
Suitable equipment was not available to enable monitoring 
of temperatures at all sites during this project and temperature 
records had to be obtained from local weather stations. Seale Hayne 
College records its own weather data and so presented the obvious 
source of data for the Seale Hayne sites. However, the 1984 data 
from Seale Hayne College and Slapton Ley Field Centre, near 
Kingsbridge, Devon (the nearest weather station to Venn Farm) were 
very similar (figs 45 & 46). By 19 June, 380 Do above 6°C had 
accumulated at both stations and by 11 0 September, 1270 D had 
accumulated at Slapton and 1300 D0 at Seale Hayne. The Slapton data 
were derived from 5cm soil depth while Seale Hayne data were air 
temperatures. Since 5am soil depth provides a more accurate source 
of data than air temperatures (Collier & Finch, 1985), Slapton data 
were used for both Seale Hayne and Venn sites in 1985. 
The nearest source of temperature data to Great Stert was 
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fig46 Accumulation of day-degrees above 6°C at 5cm soli depth 
at Slapton over the 1984 trapping season 
DATE 
Mountbatten weather station near Plymouth. Here, only 1985 data were 
available and air temperatures were recorded (fig 47). Day-degrees 
accumulated slightly faster than at Slapton (fig 48) with 600 D0 
above 6°C accumulated by 1 July at Mountbatten, compared to 580 0° 
at Slapton. By the end of September, 1420 D0 had accumulated at 
0 Mountbatten compared to 1350 D at Slapton. No suitably local source 
of data was available for Clotworthy and Slapton data were used to 
estimate day-degree accumulations at this site. 
Although Collier and Finch (1985) proposed 4°C as a more 
suitable base temperature for the calculation of day-degree 
accumulations the main object of the present discussion is a 
comparison with previous estimates, so day-degrees have been 
0 
calculated above 6 C. Day-degree accumulations were estimated for 
the main period of early emergence as indicated by emergence and 
water traps, for each site, in both 1984 and 1985. As peaks were not 
always clearly defined, the 'main' or 'principal' period of 
emergence was determined by a subjective assessment of figs 19-22 & 
24-29. The data were too irregular to allow a more rigorous 
definition of the 'principal period of emergence' but this level of 
precision was quite adequate for the comparisons and conclusions 
drawn in the present discussion. Estimations from the gas 
chromatography and burial experiments, and the results of previous 
work are shown to provide a comparison (table 21). 
The most striking characteristic of the values in table 21 
is the disparity between the 1984 and 1985 results with flies 
emerging after experiencing substantially fewer day-degrees in 1984 
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than 1985. Collier and Finch (1985) asserted that the results of 
previous workers had been "fairly consistent" from year to year at a 
particular site although estimates of day-degree accumulations to 
emergence at Wellesbourne have ranged from 103 D0 to 174 D0 (Collier 
& Finch, 1985). It is unlikely that any errors have been made in the 
calculation of day-degrees in the present work since the 
accumulations are similar from each of two independent sources in 
both 1984 and 1985. 
The degree of variation among the results of previous 
workers should be viewed with caution since different methods were 
used to record fly emergence. Coaker and Wright (1963) used small 
cages, Eckenrode & Chapman (1972) cone traps and Wyman et al (1977) 
sticky traps. Also, many workers have accumulated day-degrees from 1 
January which introduces an error of, on average, about 12 D0 above 
6°C relative to results calculated from l February (Collier & Finch, 
1985). 
Despite these reservations, the results of these workers 
suggests considerable variation in the day-degree requirements of 
cabbage root fly populations at different localities an 
observation that has been made 
Finch, 1977) in addition 
previously (Nair 
to the evidence 
& McEwen, 1975; 
in this study of 
variation between years at particular sites. A further complication 
is the fact that while the estimates from previous work were derived 
from the whole of the first generation, the estimates from the 
present study shown in table 21 were calculated using only those 
flies designated as early emergers. 
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When Finch and Collier (1985) first identified late 
emergence they felt that it was more appropriate to consider 
emergence as extended rather than polymodal. Whilst there is 
consistent bimodality in the patterns of emergence 
populations in the present work, the peaks are not clearly defined 
and substantial numbers of flies were appearing throughout the 
emergence period (figs 19-22 & 24-29). Such variation among 
individuals is consistent with the large variation suggested by the 
results of the gas chromatography work (section 3.7). 
The disparity in day-degree requirements between the early 
emergers of 1984 and 1985 is also evident among the late emergers 
(table 22), apart from the Venn 1984 results. If a sufficiently 
broad view is taken of early and late emergence in different 
populations then a similarity can be identified between data from 
most sources, but late emergence at Venn in 1984 would still stand 
out as substantially different from the broad trend. Finch et al 
(1986) found a similarly high variability among populations in 
south-west Lancashire and suggested that a gradient of 'biotypes' 
existed, maintained by populations breeding at different times and 
females mating close to their site of emergence, thus limiting 
mixing between populations. 
The fact that flies required markedly fewer day-degrees to 
emerge in 1984 than 1985 and that this disparity applied to late as 
much as early ernergers, suggests that different climatic conditions 
that may occur during a British spring may affect the number of 
day-degrees required by cabbage root fly to emerge. This may be due 
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to changes in the rate-limiting enzyme with associated lag periods 
as discussed above, but some investigation of the effects of low 
and/or fluctuating temperatures on postdiapause development is 
required to enable any such effects to be accounted for in 
predictions using day-degrees. Similarly for late emergence, the 
precise nature and thresholds of the transition between diapause 
development and postdiapause development must be elucidated before 
accurate day-degree predictions can be made. However, no matter how 
precisely these factors are determined the apparent tendency in 
recent years towards a much more protracted emergence period of 
first generation cabbage root fly undermines the importance of 
accurately timing individual pesticide applications and also 
requires local variations in emergence patterns to be taken account 
of. The large amount of variation between individuals within a 
population will provide the potential for a rapid response by the 
fly to any change in selection pressures so that day-degree models 
must be regularly revised. The degree to which emergence patterns 
may change w1ll depend on the degree of isolation, both temporal and 
spatial, between populations and an understanding of the genetic 
control of temperature responses during diapause is required for 
these changes to be predicted. 
In the face of these problems, the error introduced by calculating 
day-degrees from a base temperature of 6°C rather than 4°C (Collier 
& Finch, 1985) is probably not important. This is not to say that 
4°C does not represent a more accurate developmental zero for 
postdiapause development in cabbage root fly but it appears that 
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individuals vary considerably around this mean. 
Despite all the above reservations, there is a broad 
similarity among past and present work in the day-degrees 
accumulated before emergence. Although flies tends to appear 
throughout the prolonged emergence period of populations which 
contain late emergers, the fact that there is some bimodality to 
most emergence patterns means that there is still value in 
attempting to predict the major peaks for control purposes. For 
early emergers, the peak period of emergence begins after 
approximately 120 D0 above 6°C and for late emergers (with 
conspicuous exceptions) after approximately 230 D0 above 6°C. 
Obviously, in the light of the various factors already discussed, 
these figures must be regarded as very tentative and day-degree 
accumulations would have to be monitored over a period of several 
years in any one locality in order to be able to predict emergence 
with some accuracy in that locality. 
159 
r 
5.2 Future research 
Suggestions for future research and improvements to present 
techniques may be conveniently divided into field and laboratory 
aspects. 
In retrospect, the immense amount of time spent examining 
water trap samples was out of proportion to the usefulness of the 
data obtained. Young females caught in water traps did not correlate 
any better with emergence trap catches than when the whole of the 
water trap data were used because only small numbers of young 
females were caught. This negates the usefulness of determining the 
age of female flies when water traps are being used only to support 
emergence traps in the monitoring of emergence patterns. It would 
save time if the number of water traps used at a site were reduced 
from twenty. This could be done with confidence if catches in 
emergence traps were increased and an improvement could be easily 
achieved by a change in design. Although the present design worked 
well it was inefficient in terms of the area of ground covered. Part 
of the reasoning behind the use of flowerpots was that they could be 
spread in a grid over an entire field. This however, turned out to 
be impractical in cereal crops and individual traps needed to be 
closely aligned to be locatable when moving through a growing crop. 
Also, considerable damage to the crop would have occurred had traps 
been widely distributed throughout the field. With traps placed in 
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lines, the ground area taken up by traps and the track made 
alongside by regular monitoring, would be no greater if traps 
consisted of lengths of semi-cylindrical material such as plastic 
guttering. Collection tubes could be mounted on the upturned surface 
at regular intervals. If a material with an internal diameter of 
15-20cm could be found, the efficiency of ground cover would be 
greatly increased. Such a material would probably stack well for 
ease of transport and in lengths of about lm, the time required for 
trap setting would be much reduced per unit area of ground covered. 
Such traps would be straightforward to set in a germinating cereal 
crop and ideal for the row and furrow layout of a potato crop. Apart 
from providing more efficient ground cover, these traps would 
present a less imposing visual impression than flowerpot traps and 
could probably be used mbre extensively without incurring the 
disapproval of the farmer. If the area of ground covered by 
emergence traps could be increased several-fold, the number of water 
traps could be reduced to perhaps five, or if reasonable catches 
were being taken in emergence traps, removed altogether. Such a 
system would also capitalize on the three distinct advantages of 
emergence traps over water traps they supply live flies for 
culture purposes, they provide a direct measure of emergence 
patterns and are not affected by imnigrating flies, and they offer 
an imnediate yield of data. 
As there was a considerable difference between the 
day-degree requirements of cabbage root fly populations in 1984 and 
1985, it would be interesting to continue trapping at the same sites 
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for a number of years, both to examine year to year variations in 
day-degree requirements and to observe any changes in emergence 
patterns. It would be useful to have equipment capable of monitoring 
daily maximum and minimum soil temperatures at each site. 
If records continued to be kept for a number of years of 
the cropping patterns in the areas surrounding the sites, then it 
might be possible to equate the proximity of other populations of 
flies, with possibly different emergence patterns, to any alteration 
in patterns of emergence of the on-site population. 
Year-delayed emergence is a phenomenon which deserves 
extensive investigation. Its frequency in cabbage root fly 
populations, and the proportion of the populations that delay 
emergence, must be examined. The importance of such investigations 
may be heightened by the extension of the emergence period of 
non-delayed, first generation flies with accurately timed pesticide 
applications becoming less effective. careful crop rotation, to 
isolate brassica crops from potential sources of cabbage root fly, 
may become important particularly in areas such as south Devon where 
brassica crops are sufficiently thinly spread for this to be a ) 
feasible tactic. Year-delayed emergence could have a major impact on 
such a tactic. The delaying of emergence for longer than one year 
has been demonstrated in other species (Waldbauer, 1978) and also 
requires further investigation. 
Investigation of the temperature responses of diapausing 
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cabbage root fly pupae is probably now best served by a return to 
constant temperature studies. Although insufficient flies emerged 
the burial experiment to identify early and late emergers (section 
4.3), the day-degree requirements of the first flies to emerge in 
the burial experiment and the early emergers in the first gas 
chromatography experiment (section 3.6; table 21) were not 
dissimilar. These flies were from the same source and thus their 
similar day-degree requirements suggests that the rate of 
temperature increase in GC experiment l was a reasonable simulation 
of field conditions. Nevertheless, identifying the optimum 
temperature for a second period of diapause development which 
requires higher temperatures, and establishing the duration of this 
period, would be difficult at gradually increasing temperatures. 
Since the present work provides evidence of considerable variation 
between the temperature responses of different individuals, pupae 
should be maintained for the initial diapause period at a 
temperature which is sufficiently low as to make anything other than 
the initial period of diapause development unlikely. It has been 
shown that pupae can complete diapause development at temperatures 
0 
as low as 0 C and that in fact, the lower the temperature between 
l0°C and 0°C, the more effective it is at completing diapause 
development (Collier & Finch, l983b). Batches of pupae maintained at 
0 f . h l C or s1x mont s or more could be transferred to a range of 
t t d 6oc, empera ures aroun to 20°C, and some left at l°C. After 
various periods, some batches would be transferred from l°C and the 
temperatures around 6°C to 20°C. If flies emerged from batches that 
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had spent periods at intermediate temperatures before any from the 
batches that had been placed straight at 20°C, ,:or those that had 
remained at l°C for the intermediate periods, this would provide 
powerful support for the two-phase diapause development hypothesis, 
and data on the optimum temperatures and periods of exposure 
involved. 
The two major disadvantages of an experiment of this type 
bearing in mind the resources that were available to this project, 
are that it would require a number of accurately controllable 
temperature cabinets, and that each new permutation of temperature 
and period would require an exponential increase in the number of 
batches of pupae used. Obtaining diapausing pupae in sufficient 
numbers and enabling the metabolic progress of such numbers to be 
monitored using the gas chromatograph could present problems. 
An alternative hypothesis that explains the results of the 
gas chromatography work is that late emergence may be caused by a 
'conditioning period' during which the metabolic rate of a pupa does 
not respond to variations in temperature for a period after diapause 
development is complete and the threshold for postdiapause 
development has been passed. If the duration of such a period was 
independent of temperature then the progress of pupae from 
intermediate temperatures would be similar to that of pupae 
transferred straight to 20°c. If however, higher temperatures 
shortened the conditioning period, the results would be 
indistinguishable from those supporting the two-phase diapause 
development hypothesis and the difference between the two hypotheses 
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would remain a semantic one. 
The importance of investigating in the field, the effects 
of intermingling between two cabbage root fly populations with 
differing emergence patterns has already been discussed. Any 
prediction of the results of such a mixing would require a full 
understanding of the genetic basis and control of the extension of 
diapause through a season and, in some cases, to the following 
season. The emergence of year-delayed flies at the 1985 Venn old 
field occurred after a similar accumulation of day-degrees in that 
year as emergence at other 1985 sites, suggesting that year-delayed 
emergence may be under distinct genetic control rather than being an 
extension of the processes that produce late emergence in the same 
year. No work has been published to date on the genetic control of 
diapause in cabbage root fly and this is clearly an area that 
requires investigation. 
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11/8 0 .14 0 . 30 0 . 6C c . 19 1 • 7 1 0 .1 4 G. 16 c . 11 0 . 19 0 .1 4 
13/8 0 . 1 1 0 . 40 0 . 96 0 . 16 EM 0 . 1 1 0 . 16 c . 1 1 0 .1 1 0 .1 6 
1:5/8 o . o8 0 . 32 1. 0 6 c . o8 * 0 . 6<1 c . o8 0 . 08 0 . 08 0 .08 
18/8 0 . 1 5 0 . 3 4 1. 42 c. 09 • o.os; c . oa C. 09 0 . 08 0 . 08 
20/8 0 . 17 0 . 52 2 . 35 C.24 * 0 . 14 0 . 14 C. 26 0 . 1 2 0 . 2 1 
22/8 0 . 20 0 . 6 1 El'i 0 . 1 5 0 . 11 0 . 11 C.17 0 . 09 0 .1 5 
26/8 0 . 24 1. 88 * C. 2o 0 . 1 2 0 . 1 8 0 . 50 o . 20 0 . 42 
28/8 0 . 24 2 . 1 2 * 0 . 26 o . 3e 0 . 28 0.52 o . 2 6 0 . 70 
3/9 0 .6 7 EM 
"' 
C.44 
* 0 . 7t 1 . oo 1. 16 0 .1 8 1. 20 
5/9 0 . 36 
* C. 40 • 0 . 98 0 . 91 1. 56 0 . 27 1. 64 
8/9 0 .2 2 
* * c . 1 5 • 1. 2C C . 98 2 . 91 0 .1 6 2. 4 0 
10/9 0 . 22 • I * 0 . 22 * D 1. OC E. I"\ 0 .1 6 E t1 
12/ 9 0 .18 • • 0 . 2 9 • 1. 60 • 0 .20 * 
16/9 0 . 29 * * 0.69 • E."l 0. 16 • 
19/9 0 .4 2 • • C. 52 * * 0 .13 • 
2 2 /9 0 . 15 • • C. 60 * * • 0 .93 • 
2 4/9 0 . 24 • 
' * 
1. 02 • 0 .61 * 
2 6/9 0 . 53 
* * 1. 02 * • 1. 24 • 
30/q 1. 00 ~ . ~ " , ~ < 
4 
41 42 43 44 45 46 47 48 49 50 
11/7 0.12 0 . 12 c . 1 2 c. 1 2 0.12 0 . 1 2 0 .1 2 c. 1 5 0.12 0.15 1 
14/7 0 . 1 2 0 . 1 2 c . 1 2 0 . 1 2 0.12 0 .1 8 0 .1 8 C.1 8 0. 1 2 0.12 ' 
17/7 1 0.12 0.12 c . 1 2 c . 1 2 0.12 0.12 0 .12 0.12 0.12 0.12 1 
2117 1 0.12 0.12 c . 1 2 0.12 0.12 0 .1 2 0.12 0.12 0.12 0.12 
23/7 I 0 .1 2 0.12 0.12 0.12 0 .1 2 0 . 12 0 . 1 2 C.12 0 .12 0.12 • 
29/7 \ 0.12 0.12 C.11. 0.12 0.12 0 .1 2 0 . 1" C.12 0.12 0.14 
31/7 . 0.11. 0 .1 6 c. 11. c. 14 0. 1 1 0 .14 0 . 11 C.11 0.11 0.11 
:518 I 0 . 1 3 0.13 C. H: G.16 0. 11 O.H 0 .1 6 G .13 0 .13 0.11 
8/8 0 . 11 0. 1 1 0 .2C C.11 0 . 11 0. 11 0. 1 1 c • 1 1 0.11 0.11 
11/8 0.19 0 . 11 c. 1 1 0 .1 6 0.14 0 . 1 2 0.28 c. 1 2 0.12 0.11 
13/8 0.13 0 .1 8 c . 1 1 c . 11 0 .1 1 0.22 0 .21. 0. 11 0.11 0.29 
1:)/8 0.08 0 . 09 C.09 0.08 0.08 0. 1 1 0.13 0. 15 0.09 0.26 
18/8 0.09 0.08 c. 26 c . o8 0.09 o . 2e C. 09 C.0 9 0.09 0.35 
20/8 0.21 0. 21 c. 31 0 .08 o . c8 0 .31 c.o8 c.o8 0.08 0 .31 
22/8 0.13 0.11 C.l.6 0 .26 0. 1 1 0 . 48 0 . 11 C.11 0. 1 1 0.37 
26/8 0.16 0.30 0 . 80 0.46 0 .1 6 0.66 0.32 0 .22 0.18 0.88 
28/8 10.26 0 .24 0 .8 8 C.60 0 .20 0.68 0.26 C. 40 0.24 1. 00 
3/9 10.22 0.27 2 . 6C 1. 04 0.82 2. 73 0.60 C.71 0.20 2 .73 
:)/9 0.18 0.16 5 • 1 1 1. 36 1. 16 4,64 1. 09 c. 73 0 . 18 Et1 
8/9 J0.16 0.16 EM 1. 89 1. 67 E. M 1. 16 1. 2 5 0.14 * 
10/9 I o . 1 3 0.13 • 1. 84 1. 67 • 1. 69 C.99 0 .12 * 
12/9 0.16 0 .1 6 4.40 EM * 2.20 0.46 0.11 * 
16/9 0.27 0.38 • p * .. 3.45 c . 1 2 . 0.24 * 
19/9 0.56 0 . 25 • • .. * E'i Et1 0.60 * 
22/9 0.13 0.28 • • * • • • 0.38 • 0.71 0.84 
, 
1.60 24/9 * * .. * * .. • 
26/9 0.27 0.60 * • .. .. * .. 1. 54 * 
30/9 0.91 1. 24 • * * • • * Et1 * 3/10 o.8o 1 • 96 * * .. * * * .. * 6/10 1.08 2.44 • * * • * .. .. • 
8/10 2.33 E.H * .. * * * * * * 
10/10 , 2.50 * * * * * .. * * 
E."'' 
* 
.. 
* * 
.. .. 
* * 
5 
- F 
51 52 53 54 55 56 57 58 TEMP. 
11/7 0.15 0 .12 C.15 0 .1 8 c. 1 2 0 0.3C 0 .H 3 . 0 
14/7 0 .1 4 0 .14 o. zc; 0 .21 C.07 • 0.29 C.07 4. 0 
17/7 0.1 2 0 .12 0.25 0.25 0 .1 0 • 0 .3 C c. 1 2 4. 5 
21/7 0 .12 0 .12 0.24 0.24 C.12 * 0.30 0 . 1 2 5.5 
23/7 0.12 0.12 0.27 C.29 0 . 1 2 
* 
0.44 c. 1 2 6 . 0 
29/7 0.25 0.10 0. 31 0.33 C.09 • 0.67 C. 09 7.5 
31/7 0.32 0. 11 0 .41 G.41 C.09 • 0 .91 0 . 11 9 . 0 
!5/8 0 .36 0 . 11 0.49 0.51 0. 11 
* 1. 27 0 .11 9 . 0 8/8 0 .38 0.13 C.47 0 . 71 c. 11 
* 
1. 49 C . H 10.0 
11/8 0.39 0.39 0. 91 53 . 0C G.21 • 1. C2 C.3C 10 . 5 
13/8 0 .6 7 0.40 1. 44 1 • o2 0.31 * 1. 51 0 .51 10.5 
1!5/8 0.60 0 . 32 1. 22 2 . 17 0.38 * D C.4 5 1 2. 5 
18/8 0 .5 3 0 .36 1. 1 5 D c. 34 * c . 3e 1 2. 5 
20/8 0 .71 0.24 C.43 
* 
C.36 • * 0 . 52 1 3. 0 22/8 E.H 0.63 1.65 • C.3 5 • • 0 .61 13.5 
26/8 • 1. 54 1. 82 .. 1. 00 • • 1 • 46 14.0 
28/8 • 1. 6 8 2.10 .. 1. 55 .. • 1 • 7C 15.0 
3/9 • 2 .7 8 D * E.l1 * • 4. 04 17.0 !5/9 .. EH • • * * • 4.26 19.0 
8/9 .. • • • * • .. D 19.0 
10/9 * * * • .. * * 20 . 0 
12/9 * * * • * * • • 20 .0 16/9 
* 
.. .. .. .. 
* * 
.. 20.0 
19/9 
* 
.. .. .. .. 
* * 
.. 20.0 
22/9 * .. .. .. .. .. .. • 20 .0 
24/9 * .. • * .. * .. • 20.0 26/9 
* 
.. • * • • * * 20.0 30/9 * .. .. * .. * * • 20 .0 . 3/10 * * • * • • 20.0 
6/10 
* 
.. • * * • • 20.0 
8/10 * * * • * * * • 20.0 10/10 * • * .. * * .. • 20 .0 
13/10 * * * * * .. • 20.0 
1!5/10 * • • .. * .. .. * 20.0 
6 
· ttEE e_'2~2-~_!_!_ Regression equations derived from second phase data in GC 
e:<peri ment 2 
Puna Rows ~uation R2(\() ~ Ion D:luation i_oo_ 
'l'aken Taken 
1 • • • }0 17 - 21 y • -4.50 + 0.316x 13.6 
y • -1.33 + O.l85x 96.0 31 0 2 9 - 12 25 - 31 all points at 20 C 
3 1 - 11 y- -6.07 + 0.724x 62.9 32 10 - 17 y • -3.82 + 0.365x 53.3 
4 8 - 12 y • -3.46 + 0.4~2x 47.2 n 10 - 14 y • -3.8"( + 0.435x 49.3 
5 16 - 18 y • -0.39 + 0.038x 44.0 34 23 - 29 
. 0 
all points at 20 C 
6 7 - 10 .·y- -0.18 + 1.59x 67.6 35 5 - 11 y - -1.4 + 0.243x 49.8 
7 " • • 36 17 - 20 y • -2.26 + O.l76x 89.9 8 9 - 13 y • -0.6~ + O.ll9x 23.7 37 16 - 22 y • -2.26 + O.l76x 73.8 
9 5 - 7 y - -1.19 + o.~(x 87 .o 38 14 - 20 y • -4.41 + 0.343x 76.5 
10 • • • 39 25 - 29 0 all points at 20 C 
11 6 - 10 y • -1.27 + 0.188x 27.7 40 16 - 20 y • -4.13 + 0.332x 83.1 
..... 12 1 - 11 y - -3.94 + o.so6x 50.8 41 25 - 31 y • -1.85 + O.l76x 49.7 
13 1 - 4 y - -0.48 + 0.247x 96.4 42 ~2 - 30 0 all points at 20 C 
14 insufficient data 43 13 - 19 Y • -9.37 + 0.73lx 91.5 
15 6 - 10 y • -1.43 + 0.247x 92.9 44 15 - 22 y - -5.1 + 0.383x 54.0 
16 11 - 17 y • -1.78 + 0.238x 75.2 45 15 - 21 Y • -3.43 + 0.254x 92.5 
17 13 - 17 y • -1.67 + O.ll5x 81.3 46 14 - 19 y • -9.56 + 0.73lx 93.4 
lB 7 - 12 y • -2.39 + 0.335x 55.9 47 16 - 23 y • -5.08 + 0.375x 56.1 
19 5 - 8 r- -0.11 + o.l93x 93.2 4B • 
·-
• 
20 13 - 18 y- -7.62 + o.603x 78.7 49 22 - _27 0 all points at 20 C 
21 15 • 18 y • -2.07 + O.l59x 73.4 50 11 - 18 Y • -4.35 + 0.379x 71.6 
22 18 - 23 y • -8.34 + 0.510x 19.8 51 6 - 13 y - -0.336 + o.074x 89.1 
23 • • • 52 14 - 18 y - -7.37 + o.603x 89.8 
24 16 - 20 y • -4.05 + 0.318x 66.6 53 9 - 17 y • -1.68 + 0.246x 70.2 
25 6 - 12 y • -3.22 + 0.433x 80.9 54 7 - 12 y • -4.02 + 0.489x 69.5 .. 
26 14 - 19 y • -5.69 + 0.435x 81.0 55 15 - 17 y • -9.86 + 0.764x 88.9 
21 6 - 11 y • -1.70 + 0.267x 17.0 56 Dead 
28 6 - 14 y • -3.52 + 0.467x 72.0 57 5 - 11 y • -0.816 + 0.208x 67.9 
29 23 - 28 all points at 20°C 58 13 - 19 y - -8.22 + o.678x 93.2 
• no distinct rise in relative peak height prior to emereencP.. 
1 - 10 
-
Nor. rliapause 36 - 50 
-
Late 
11 - 20 
-
Plymouth 51 - 58 . ne~: 
?.1 - 35 . F.arly 
Appendix III The number of flies caught from each treatment on each 
sampling occasion in the burial experiment. 
Ke~ to dates TREATMENT 
1 23/4/86 1 2 3 4 5 6 7 :8 
- - -2 29/4 
3 2/5 l 0 (I 0 0 (I (I 0 0 
4 6/5 2 0 0 (I 0 (I 1 2 (I 
5 9/5 3 (I (I (I 0 (I 0 (I (I 
6 12/5 4 (I (I 0 (I (I 0 0 0 
7 14/5 5 0 0 0 0 (I (I (I 0 
8 16/5 6 0 (I 0 (I 0 0 0 1 
9 19/5 7 0 0 (I ·o 0 0 0 0 
10 27/5 lU 8 0 (I (I 0 0 0 (I (I 
11 30/5 1- 9 0 0 0 0 (I 0 (I 0 ~ 
12 2/6 Q 10 (l (I 0 (I (I 0 (I (I 
13 4/6 I I 0 0 0 0 0 0 0 0 
14 9/6 12 (I 0 (I 1 (I 0 0 1 
15 11/6 13 (I 0 (I 0 0 0 1 0 
16 13/6 14 (I (I (I (I (I 0 0 0 
17 16/6 15 0 0 0 1 (I 1 0 0 
18 18/6 16 (I (I (I (I (I 1 2 (I 
19 25/6 17 0 0 (I 1 (I 0 1 0 
20 9/7 18 (I 0 0 0 0 0 1 (I 
19 0 (I 0 0 0 1 
0 0 
20 (I 0 0 0 0 0 
0 0 
'9 !2. 1 1 12 13 14 
(I 0 0 0 0 0 
1 (I (I 1 1 1 
0 1 0 (I 4 1 
0 0 0 0 2 0 
(I 0 (I (l 0 0 
0 3 (I 0 0 0 
0 0 (I 0 (I ·o 
(I 0 (I 0 0 (I 
1 0 0 0 0 1 
0 0 0 (I (I 0 
(I 0 0 2 0 0 
(I 0 0 (I (I 1 
0 (I (I 1 (I (I 
0 (I 0 0 0 1 
0 (I 0 (I (I (I 
1 1 (I (I (il. (I 
0 0 0 (I (I 0 . 
1 0 0 0 0 0 
0 0 0 (I 0 0 
0 0 0 0 0 (I 
15 16 17 18 19 20 £! 22 "23 24 25 26 
- - - ·- -
1 0 0 1 0 1 0 0 0 0 0 0 0 
;2 0 0 0 0 1 0 0 0 0 1 0 0 
3 2 0 0 0 2 1 1 0 (I 0 3 0 
4 0 0 0 0 0 0 0 0 (I 0 1 (I 
5' 0 2 0 0 0 0 0 0 0 I 0 0 CO 6 (I 0 (I (I (I 0 0 0 (I (I 0 0 
7 1 0 0 2 1 0 0 0 0 0 0 0 
8 0 (I 0 0 (I 0 0 0 0 0 0 0 
9 0 1 1 0 0 0 0 0 0 0 0 0 
10 0 (I 1 0 (I 0 0 0 (I 0 (l 0 
1 1 (l 1 (l (l 0 0 0 (I (l 0 (l 1 
1J 0 0 0 0 0 0 0 r 0 0 0 0 
13 0 0 1 0 0 0 0 0 0 0 0 0 
14 0 1 0 0 0 1 1 0 0 0 0 0 
15 0 1 0 0 0 0 0 0 0 0 0 (I 
16 (I (I 0 0 0 0 0 0 0 1 0 0 
17 0 1 0 0 0 0 0 0 0 0 0 0 .. 
18 0 (I 1 0 0 0 _o 0 0 0 0 0 
19 0 (J 0 (J (I 0 0 (J 0 0 (I 0 
20 (I 0 0 0 1 0 0 0 0 0 0 (l 
- 36 27 28 29 30 31 32 33 34 35 37 38 39 
- - - -
1 0 (I 0 0 0 0 0 0 0 0 (I (I 0 
2 (I 0 (I 0 0 0 0 0 0 (I 0 0 0 
3 0 (I (I (I 0 0 0 0 0 0 0 (I 0 
4 (I (I 0 0 0 1 0 0 0 0 1 1 1 
.... 5 1 0 1 0 0 0 1 0 1 0 0 (I 0 0 
6 (I (I 0 5 0 0 0 (I (I 0 0 0 2 
7 (I 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 (I (I 0 0 0 0 0 (I (I 0 0 0 
q 0 0 0 0 0 I 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 (I 0 0 0 (I 0 0 
11 0 0 0 0 1 0 0 0 0 (I (I (I 0 
12 0 1 (I (I 0 (I 0 0 (I 0 0 0 0 
13 (I (I 0 0 0 0 1 0 0 0 (I 0 0 
14 0 0 0 ~ 0 0 1 0 (I (I 0 (I 0 
15 0 0 9 (I 0 0 0 0 (I 0 (I 0 (I 
16 0 (I (I 0 0 0 0 0 0 0 0 (I 1 
17 0 0 0 (I 0 0 0 ·0 0 1 0 0 o .. 
18 0 0 0 0 0 0 0 0 0 0 0 (I 1 
19 0 0 0 0 0. 0 (I' 0 1 0 0 0 (I 
20 0 0 0 0 0 0 0 0 0 0 0 0 (I 
Graham Brindle 
The emer in relation to 
cabbage root fly passes through three generations a year in 
the south of England. The first generation peaks in late April to 
early May having overwintered in diapause. Recently, populations 
have been discovered in which the emergence of first generation 
flies was protracted, lasting until ndd-July. 
The project aimed to investigate the incidence of late 
emergence in Devon and to exandne the ways in which late emergers 
differed from early emergers in their progress through diapause. 
A new emergence trap was developed and used in conjunction 
with yellow water traps to monitor the emergence of cabbage root fly 
populations at locations of contrasting agricultural practice. Late 
emergence was widespread in Devon, occurring later (up to 
September) , and in a greater proportion of sane populations than any 
previously reported. The phenanenon appears to be a response to the 
planting of brassicas in June, as flies emerging at the normal time 
may not be able to locate a host crop. 
Emergence in a substantial proportion of one population was 
delayed for a year. This has not been been previously reported in 
capbage root fly and represents a 1 sit and wait 1 strategy associated 
with short-lived habitats, occurring in patches often separated by 
corisiderable distances but which frequently reappear in 
approximately the same location. 
A gas chromatography technique was developed which is 
capable of individually monitoring the respiration rates of large 
nUIIDers of pupae. The results suggested that the temperature optimum 
for diapause development may rise in late emergers, possibly above 
the threshold for postdiapause development. There was considerable 
intrapopulation variation in temperature responses. 
OVerall, the results suggest that the level of variation in 
temperature response and emergence times bet~o~~een and within 
populations will require careful local investigation with continuous 
reassessment of selection pressures, for an accurate prediction of 
cabbage root fly emergence. 
